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ABSTRACT
In this thesis, the impact of shocks in childhood on the rst and second generation of
individuals aected are examined. In the rst chapter, the long-term eects and subsequent
intergenerational transmission of exposure in childhood to the natural disasters that have
occurred in Latin America in the last 100 years are examined taking a new comprehensive
approach to study the impact of natural disasters by using data about all natural disasters
that aected one continent in the last century. While the rst chapter mainly focus on the
impacts on education and labor outcomes, in the second chapter, the short, medium and
long term eects on health and the subsequent intergenerational transmission of exposure
in childhood to the Tanzania Flood of 1993 are examined by using a triple dierence
estimation with pre-even and post-event data which is unique as few studies of natural
disasters have data bracketing a ooding event. Finally, the third chapter estimates the
impact of the 1998-2000 Eritrea-Ethiopia armed conict on subsequent health outcomes
using detailed geographic information on households' distance from war sites and compares
the impact on children exposed in utero versus after birth. The individual abstracts of each
chapter are provided below.
Chapter 1: The Legacy of Natural Disasters: The Intergenerational Impact of 100 Years
of Natural Disasters in Latin America.
Natural disasters can have long lasting eects, but generalizing such eects can be chal-
lenging. This paper examines the long term eects and subsequent intergenerational trans-
mission of exposure in childhood to the natural disasters that have occurred in Latin Amer-
ica in the last 100 years. The identication strategy exploits the exogenous variation in
geographic location, timing and exposure of dierent birth cohorts to natural disasters.
This study measures individuals' exposure to the disaster based on the geographic location
at birth to avoid any bias in the estimates due to possible selective migration caused by
the disaster. The main results indicate that in utero and young children are the most
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vulnerable to natural disasters and suer the most long-lasting negative eects including
less human capital accumulation, worse health, lower income and less asset when they are
adults. Furthermore, the results provide evidence of the intergenerational transmission
of the shocks indicating that children born to mothers who had been exposed to natural
disasters have less education and increased child labor.
Chapter 2: Intergenerational Transmission of Shocks in Early Life: Evidence from the
Tanzania Great Flood of 1993.
This paper estimates the short, medium and long term eects on the health and the
subsequent intergenerational transmission of exposure in childhood to the Tanzania Flood
of 1993. The identication strategy exploits exogenous variation in the disaster's geographic
extent and timing, and the exposure of dierent birth cohorts to the disaster. Results show
that children exposed to the ood have lower height-for-age Z-scores three years after the
shock, with larger eects for girls than for boys. Moreover, women who were less than 18
years old during the ood experienced negative health impacts that were persistent even 17
years after the ood. Surprisingly, the children of the women exposed in childhood to the
ood have lower height-for-age Z-scores, while the children of the aected men experience
no eect on their height-for-age Z-scores. The impacts using GPS information are 32%
larger than if exposure is measured at the imprecise regional level. The eects are robust
to selective migration.
Chapter 3: Medium-Term Health Impacts of Shocks Experienced In Utero and After
Birth: Evidence from Detailed Geographic Information on War Exposure.
This paper estimates the impact of armed conict on subsequent health outcomes using
detailed geographic information on households' distance from conict sites-a more accurate
measure of conict exposure-and compares the impact on children exposed in utero versus
after birth. The identication strategy relies on exogenous variation in the conict's geo-
graphic extent and timing as well as the exposure of dierent birth cohorts while in utero
or after birth. Results show that war-exposed children subsequently have lower height-for-
age Z-scores, and impacts using GPS information are 87-188% larger than if exposure is
measured at the imprecise regional level. Eects of in utero and after birth exposure are
comparable in magnitude, and children in the war instigating and losing country (Eritrea)
suer more than the winning nation (Ethiopia). Results are robust to including region-
specic time trends, alternative conict exposure measures, and addressing potential bias
due to selective migration.
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CHAPTER 1
THE LEGACY OF NATURAL DISASTERS: THE
INTERGENERATIONAL IMPACT OF 100 YEARS OF
NATURAL DISASTERS IN LATIN AMERICA
1.1 Introduction
Over the last 50 years, the number of natural disasters has been increasing signicantly,
especially those related to global warming (Helmer et al., 2006; Van Aalst, 2006). Gov-
ernments and policy makers often evaluate the consequences of these shocks by focusing
primarily on the damage to infrastructure (Prestemon et al., 2002). According to these
estimates, natural disasters cost an annual average of $901 million. However, this damage
estimation does not consider the eect of natural disasters on other dimensions of welfare,
such as employment and education that may have lasting eects (Baez et al., 2010) and
which are vital to consider when attempting to assess the full impact of these shocks.
Related to these welfare dimensions is the growing concern among economists and policy
makers that negative conditions experienced early in life may have persistent eects. Recent
research documents long-lasting eects of shocks experienced in early childhood on child
development (Currie, 2009) and on adult outcomes such as education, height, self-reported
health and socio-economic outcomes (Alderman, 2006; Almond et al., 2005; Maluccio et al.,
2009). Despite the strong evidence that shocks in early childhood have long-term eects
and the increasing interest by researchers in the relationship between parental and child
health and education (Anger, 2010; Coneus et al., 2011), there is, surprisingly, limited
research on the intergenerational transmission of shocks in early life.
Given the recent increase in natural disasters and the long-term welfare eects of expo-
sure to these events, the primary research questions of this paper are: What is the long
term eect of natural disasters on education, health, welfare and labor outcomes, and can
this impact be transmitted to the next generation? This paper estimates the impact of
natural disasters including the eects on the rst and second generations. In particular,
the long-run eects of shocks experienced in early childhood and their intergenerational
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transmission are examined using all natural disasters that occurred in Latin America in the
20th century. Additionally, this paper explores whether there are generalizable patterns
across dierent types of disasters in dierent countries.
This paper makes three main contributions. First, this work takes a new comprehensive
approach to study the impact of natural disasters by using data about all natural disasters
that aected one continent in the last 100 years. The standard approach in the literature
focuses on case studies that evaluate the impact of single specic shocks1, but such studies
are subject to the concern that the observed results may not generalize to other locations
or types of shocks. Moreover, those case studies mainly focus on the estimation of extreme
cases and as shown in Figure 1.12, the estimated loss of years of education due to the impact
of a natural disaster are bigger for those studies that only analyze extreme disasters3. In
particular, small disasters have a 30-99% smaller impact than big disasters for children ex-
posed in utero. This paper addresses this generalizability issue by obtaining an estimation
of the impact of natural disasters in Latin America by incorporating the whole distribution
of events. Furthermore, this strategy compares how exposure to dierent types of natural
disasters at birth in dierent countries leads to poor welfare outcomes, distinguishing the
eect of the shock from the intrinsic inuence of the location of occurrence of the natural
disaster.
Second, another diculty in capturing the long term impacts of exposure to natural
disasters is that migration may occur as a consequence of the disaster. Traditional studies
have used individuals' location at the time of the surveys as a measure of exposure, missing
the fact that selective migration may bias the estimations. This paper accounts for those
movements by using birth location data included in the national censuses to measure
individuals' exposure to each disaster. Disregarding this data would lead to the incorrect
1Baez and Santos (2007) show that the Hurricane Mitch in 1998 negatively impacted schooling, child
labor, health and nutritional outcomes between 1998 and 2001 among children in regions directly aected
by Mitch compared to children in control areas. Also, Bustelo et. al (2012) provides evidence of the
negative impact of the 1999 Colombian Earthquake on child nutrition and schooling. Moreover, Caruso
(2014) demonstrates that the great ood of Tanzania in 1993 negatively aected child height on the rst
and second generation of aected individuals.
2In Figure 1.1 a natural disaster is classied as \Big" if it aects more than the average number of
individuals estimated for its type. In the same way, a disaster is dened as \Small" if it aects less than
the average number of individuals estimated for its type.
3Examples of the studies that nd relatively large eects of natural disasters due to focus on extreme
disasters can be found in Caruso and Miller (2014), Santos (2007) and Ureta (2005) where the eects on
years of education are 29-76% larger in comparison with the estimation obtained when all the disasters are
incorporated
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classication of exposure for 7% of individuals, the estimated negative impacts on years of
education of exposure to the natural disasters are 18% larger than they would have been
if we used the individual's location at the time of the censuses. Moreover, the use of more
than 24 million observations from national censuses allows this study to identify the impact
of natural disasters with enormous precision.
Third, this paper also expands the scope of previous studies focus in two innovative
ways. The literature of shocks in childhood traditionally focuses on the eects of exposure
to shocks during gestation and the rst two years of life. In contrast, this paper can
distinguish how exposure to dierent disasters at dierent ages, in utero to age 15, may
have dierent long lasting eects. Moreover, this paper contributes to the literature of
shocks in early childhood by providing micro estimates of how the impact of these shocks
can be translated to the next generation.
The main results of this paper indicate that the most fragile period for any individual to
receive this kind of shock is the rst years of life through school age. In particular, those
individuals exposed in childhood suer long-lasting negative eects including less human
capital accumulation, worse health, lower income and less assets accumulation when they
are adults. Exposure in utero to Natural disasters generates an average reduction of 0.3
years of education4 and 30% of income. Unpredictable natural disasters are the ones with
the largest impact during gestation and the rst two years of life. On the other hand, nat-
ural disasters that allow governments to take action before they impact, such as evacuating
the aected areas, are mainly relevant for school ages due to the unavoidable damage to
infrastructure. This paper further nds that shocks aecting health5 are especially dis-
astrous, in particular for education, employment and income. The analysis of single case
studies does not reach these conclusions since they show larger impacts independently of
the age of the aected individual. Finally, this study provides evidence of the intergenera-
tional transmission of shocks, showing that the second generation is negatively aected with
increased child labor and decreased education due to their mothers having been exposed
to natural disasters.
The remainder of the paper is organized as follows. In the next section, an overview of
natural disasters and the problems caused is presented. Section 1.3 describes the data used
4Given that the average level of education in our sample is 7 years of education which is equivalent to the
average duration of the primary school in Latin America, loss 0.3 years of education reduce signicatively
the probability of nishing primary school.
5Natural disasters that aect water provision, such as oods, usually generate outbreaks of cholera
among other illnesses.
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in the analysis and explains the key variables. Section 1.4 describes the empirical identi-
cation strategy, and Section 1.5 presents the main results and robustness tests followed by
a discussion of the results and policy implications. Finally, Section 1.6 concludes.
1.2 The impact of natural disasters
1.2.1 Natural disasters in the economic literature
Every year natural disasters aect almost every country worldwide. This type of event is
usually unpredictable and aects human lives in many dierent dimensions. At a macroe-
conomic level, natural disasters may destroy infrastructure aecting industries, growth and
employment. However, at a microeconomic level they can destroy assets, aect nutrition
and access to education and health services. In addition, natural disasters also may gener-
ate water disruptions that generate outbreaks of illness. Furthermore, depending on their
intensity, disasters can provoke casualties in the aected areas.
The literature analyzing the impacts of natural disasters largely focuses on their macroe-
conomic eects (Barro, 2009; Dercon, 2004; Noi, 2009). However, there is limited but
growing research on the microeconomic impacts of natural disasters. Most of these studies
focus on analyzing only a particular event, making it dicult to assess claims of external
validity. One possible problem with this type of study is the tension between external and
internal validity.
Since in natural experiments the environment can aect the impact of shocks by either
amplifying or reducing them, the external validity of case studies is always questionable.
For instance, it is likely that the impact of natural disaster may be dierent in poor
countries than in rich ones. At the same time, the internal validity of very general studies
can be aected as a consequence of the high risk of nding spurious relationships. The
unfortunate lack of empirical studies dealing with this problem, however, makes our results
unique. This study lls this gap in the literature by analyzing both very particular shocks
in particular environments and more general kinds of shocks such as oods, earthquakes,
hurricanes, landslides and volcanoes. All the natural disasters registered in the Latin-
American continent are analyzed with the aim of obtaining a general estimation of the
eects of this kind of shocks in all the countries involved.
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1.2.2 The intensity of natural disasters
Latin American countries are mostly aected by oods (Table 1.1). Typically, more than
four oods may be expected each year on the continent, but the rate of occurrence of oods
grows faster than that of all other natural disasters (Figure 1.3). Among the common eects
of oods, the consequences include loss of life, economic losses of planted crops, damage
to infrastructure, disruptions in the electric system, contamination of drinking water and
loss of sewage disposal facilities. Given that this type of shock aects access to drinking
water, outbreaks of waterborne diseases are usually expected after a ood. Each year an
average of 121,145 individuals are aected by oods in Latin America, with 397 of them
killed and $212 million in infrastructure destroyed. Given the direct impact on health,
the high frequency and the number of individuals impacted, oods that occur during early
childhood are expected to have a long-term eect on those individuals, according to the
literature (Mancini et al., 2009).
Tropical storms and hurricanes are the second phenomena with a growing trend in the
last 30 years. On average, almost 2 hurricanes impact Latin America per year. Hurricanes
generate strong winds that can damage and destroy infrastructure and private property and
can cause death. This type of event is highly destructive, causing an average estimated
damage of $243 million for each impact. In comparison with the large destruction in
infrastructure, the average number of people being killed by hurricanes is relatively small,
158, with 113,128 people aected overall. Storms and hurricanes are the most predictable
events among the natural disasters, and this helps to reduce the mortality eects of this
kind of shock.
The third most numerous of the natural disasters aecting Latin America are earth-
quakes, with almost 2 earthquakes per year on the continent. Earthquakes are the most
expensive type of shock, each one costing of $243 million in damage to infrastructure.
Earthquakes destroy buildings and other rigid structures. The size of the damage increases
when there is ground rupture, because of the major risk to large engineering structures
such as dams, bridges and nuclear power stations. This type of shock is also one of the
most deadly since it is not predictable. Earthquakes aect an average of 149,431 people
and kill 1,230 of them.
Every year an average of one landslide is expected in Latin America. Landslides aect
an average of 92,600 individuals per landslide and kill 144 with every shock. This kind of
event is predictable (Fabbri et al., 2003), which reduces the number of deaths. However,
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each landslide has a large destructive power, damaging infrastructure at an average rate of
$212 million per event.
Finally, volcanoes are the least frequent natural disaster in Latin America. They aect
a relatively small number of individuals (35,440 aected individuals) and cost on average
$163 million in damages. However, this type of shock is the most deadly of all the shocks,
killing 1,510 individuals with each eruption. Moreover, volcanic eruptions may generate
respiratory illness as a consequence of their emission of ash.
1.3 Data
1.3.1 National Censuses
In order to measure the impact of natural disasters on a set of dierent outcomes that
measure welfare, this paper uses the census of each country in Latin America. These
surveys provide information about the date and place of birth of each individual. This
data is provided by the Integrated Public Use Micro data Series (IPUMS) and includes
all the shaded countries in Figure 1.2. IPUMS-International is a database that contains
censuses from all countries and is the world's largest publicly available census samples.
The database is organized following the same approach across countries and time to allow
researchers to compare the results of their investigations across samples. These cross-
sectional surveys provide information at the individual level on demographic topics such as
years of education, employment status, income, employment disability status and fertility.
The censuses also provide information about household assets such as access to current
water, access to electricity, and number of rooms per capita. In order to capture the wealth
of each household, this paper calculates a measure of multidimensional wealth. This is a
wealth index based on a principal components approach that includes information about
the assets available for each household so as to identify its nancial status.
1.3.2 Timing, location and intensity measures of each disaster
In order get information about the place and date of the occurrence of natural disasters,
this study uses data from the Emergency Events Database (EM-DAT). The EM-DAT is a
database of natural disasters that includes variables measuring the intensity of the disasters
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such us the number of deaths, the number of aected individuals and the estimated damage
in U.S dollars. In particular, the natural disasters included in this study are geophysical
natural disasters (earthquakes and volcanoes), hydrological natural disasters (oods and
landslides) and meteorological natural disasters (hurricanes and tropical storms). This
database covers the occurrence of natural disasters worldwide from 1900 to the present.
Disasters that do not satisfy a minimum requirement in terms of intensity are not included
in this database. A disaster is included in the EM-DAT when it satises at least one of
the following conditions: if 10 or more people died because of the disaster, if 100 or more
people are aected by the disaster, if the aected country declared a state of emergency
and/or if the aected country called for international assistance 6.
In order to measure the intensity of the impact of each disaster, this investigation uses
three variables included in the EM-DAT: the number of people killed by each disaster,
the number of people aected and the damage estimated in U.S. dollars. When these
variables are missing from the database, they are supplied according to data found in
another database called DESINVENTAR. DESINVENTAR is an inventory system of the
eects of disasters that reports the number of victims, people aected and damage provoked
by each natural disaster.
1.3.3 Preliminary observation
In Table 1.2, the characteristics of aected individuals are compared between aected and
non-aected districts. In particular, in panel A the characteristics of the adults analyzed
in the study are compared. In terms of education and disabilities, aected districts appear
to be less deprived than non-aected districts. For other characteristics such as fertility,
unemployment and income, the table shows no signicant dierence across districts. In
Panel B, a comparison of the characteristics of households between the aected and the
non-aected districts is presented. I observe that the aected areas are wealthier and enjoy
greater access to electricity and current water. Finally, in Panel C, this research compares
the characteristics of individuals younger than 20 years old. Among the characteristics
investigated, this panel shows that only the years of education for individuals 5 to 20 and
the probability of nishing primary school for individuals 15 to 20 are statistically dierent
between the aected and the non-aected districts. This indicates that the non-aected
6Figure 1.3 shows the number of natural disasters per year in the EM-DAT.
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districts are the most deprived in these dimensions7.
Even though the results from Table 2 indicate that the dierences, if any, between
districts are favorable to the aected areas, any bias resulting from pre-existing district
dierences between aected and non-aected districts is avoided with the use of district
xed eects in the identication strategy of this paper. This analysis will be discussed in
the next section.
1.4 Empirical identication strategy
The empirical identication strategy relies on a comparison of each outcome for similarly
aged individuals in aected and non-aected districts. The implicit assumption is that
dierences across birth cohorts in each outcome of interest would be similar across af-
fected and non-aected districts in the absence of the shock. I rst estimate the following
regression with district and birth cohort xed eects:
Yijt =
14X
t= 1
t(Born inAffectedAreaj During Shock Age = tt)
+ j + t + jt + Xijt + ijt
(1.1)
where Yijt is the outcome of interest for the individual i that born in district j that
belongs to cohort t, Born inAffectedAreaj Age = tDuring Shockt is a dummy variable
that takes value one if in district j there was a natural disaster when individual i was t
years old (where -1 means during gestation), j are district xed eects, t are cohort xed
eects, t are district-specic time trends, Xijt are individual control variables that include
gender xed eects, ijt is a random, idiosyncratic error term.  measures the impact of
natural disasters on outcome Y for individuals who belong to cohort j at the time of the
impact of the natural disaster in the aected districts.
This model measures the direct eect of natural disasters. For the model, only adults
older than 20 years are included in order to consider only individuals who have nished
their educational investments. The average number of years of education in Latin America
is 7 for the database used in this paper, so the assumption that people older than 20 have
7In addition to analyze dierences across aected and non-aected regions, this paper nds no statisti-
cally signicant dierences on the proportion of aected individuals for any particular cohort
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nished with their education seems reasonable.8 In this dierence-in-dierence model, an
individual is classied as aected if he is part of the aected cohort and born in the aected
district. For the control group this study considers individuals born in aected cohorts but
in non-aected districts, those born in aected districts in non-aected cohorts, and those
born in non-aected areas in non-aected cohorts.
Additionally, in order to identify the eects of shocks on the next generation, this paper
estimates the following equation to determine the intergenerational transmission of eects
using the exposure of the parents of each child:
Yijt =
14X
t= 1
t(ParentBorn inAffectedAreaj During Shock ParentAge = tt)
+ j + t + jt + Xijt + ijt
(1.2)
where Yijt is the outcome of interest for individual i with parents born in district j and
that belong to cohort t; ParentBorn inAffectedAreajParentAge = tDuring Shockt is
a dummy variable that takes value one if in district j there was a natural disaster when the
parent of individual i was t years old (where -1 means during gestation) j are district xed
eects, t are cohort xed eects, t are district-specic time trends, Xijt are individual
control variables that include gender xed eects, age xed eects and district trends, and
ijt is a random, idiosyncratic error term.  measures the impact of natural disasters on
the outcome for ospring of individuals who are part of cohort j during the natural disaster.
The last model measures the indirect impact of natural disasters. For this model, only
individuals younger than 20 years are included. This assumption is made because I have
only the parents' information if the ospring lived with their parents (because the census
follows households, not individuals). So, the purpose is to avoid having older individuals
who still live with their parents because that can lead us to a selected sample. Since the
starting age of formal education is 5, our sample includes only individuals between 5 and
20 years. An individual is classied as exposed to the shocks if his parents were born in
an aected district and are part of the aected cohort.
The estimation of the equations above assumes that the intensity of each shock is similar.
8The results are robust to the usage of dierent age cut-os and to the usage of a Tobit model to avoid
any censoring concern.
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To dierentiate the eect of each shock, I control by its intensity, and to corroborate that
the observed dierences across districts and birth cohorts in each outcome are in fact due
to the natural disasters, this paper estimates regressions using the intensity measures for
the natural disasters in the following way:
Yijt =
14X
t= 1
(Number of affected individuals by aNaturalDisasterj Age = tDuring Shockt)
+ j + t + jt + Xijt + ijt
(1.3)
where Number of affected individuals by aNaturalDisasterj Age = tDuring Shockt
measures the number of individuals aected by each 10,000 individuals if a disaster hap-
pened in district j when individual i were t years old (where -1 means during gestation).
I also use the number of deaths and the damage in US dollars caused by the disaster as
robustness checks for the intensity measures. All the models include cohort xed eects
and district xed eects.
1.5 Results
1.5.1 Case study examples: A biased generalization
Generalizing the results case studies can lead to inaccurate conclusions about the real eect
of a shock with dierent intensities. As highlighted in the introduction, the majority of
studies about the impact of natural disasters focus on relatively big events that may have
dierent impacts than medium or small disasters. To illustrate this point, in Tables 1.12
and 1.13 the main regressions are performed including all natural disasters above and
below the mean number of aected individuals to classify big and small natural disasters,
respectively9. This analysis nds persistent eects for individuals exposed by relatively
big disasters in early childhood and in older ages (Table 1.12). However, the eects for
impacts at older ages disappear for smaller disasters (Table 1.13). These estimations also
point out the bias in generalizing results from shocks that may be an extreme realization of
9These regressions are summarized by Figure 1.1 which collapse the results in the utero period and in
the ages 0-2, 3-6, 7-11, 12-15.
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the distribution of shocks instead of taking into account the entire distribution of natural
disasters.
The larger part of studies that estimate the impact of natural disasters focus on extreme
events. This particular type of studies are valuable explaining a detailed impact of a partic-
ular disaster in a particular environment. However, the generalization of those eects may
lead to biased estimations. For that reason should be considered only as the estimation
of a realization of a variety of natural disasters. For instance, Caruso and Miller (2014)
estimate that the exposure in utero to the Ancash earthquake of 1970 generate a loss of
0.7 years of education. The Ancash Earthquake was the most severe natural disaster in
the history of Peru aecting more than 3,000,000 people10. In contrast, this study nds
that exposure in utero to earthquakes generates of a loss of 0.2 years of education where
the generalization of the results from Caruso and Miller (2014) would lead to an overes-
timation of 250% for the in utero estimations. These dierences between the general and
the particular estimates point out the necessity of an empirical strategy that incorporates
the entire distribution of disasters instead of just the extreme case.
In addition to the discussion related to the size of the natural disasters, this paper nds
that when dierent using natural disasters in dierent countries the results may dier. For
instance, the ood that aected Argentina in 1967 has an impact on the years of education
only if it impacts individuals before their rst ve years of life, while the 1966 landslide
in Brazil, has an eect on education if it impacts individuals in utero and in their rst
year of life. Again, the analysis including all the natural disasters that occurred in the
last century, presented in the following subsection, contradict these results. Thus, in those
cases it is even harder to interpret if the dierent results are due to the size of the disasters
or due to other characteristics of the countries where those shocks occur.
Given that the discussion above highlights the relevance of analyzing many realizations
across dierent contexts instead of focusing on the results of individual case studies, this
study estimates the impact of dierent types of natural disasters with the aim of solving
the external validity problems in the literature of natural disasters. The next subsection
expands our database to include all the natural disasters occurring in the last century, in
all the countries.
10The Ancash earthquake is considered above of the mean of aected individuals shown in Table 1.2
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1.5.2 Eects on Education for the First Generation
By including all the natural disasters that occurred in dierent contexts, I nd that the
results dier signicantly from those presented in the previous subsection. This nding
highlights the contribution of combining many similar shocks from dierent countries in
the same study. In particular, I nd that for education the relevant age for each type of
disaster varies with the eects of the specic shock.
Table 1.3 shows the estimation of our main model for dierent types of shocks. The
average number of years of education in our database is seven. In Latin America schooling
begins at the age of ve years, so I include only those individuals older than 20 years with
the aim of observing the number of completed years of education . According to Table 1.3
(column 1), an individual impacted by a ood while he was in utero has 0.472 fewer years of
education compared to those not exposed. This eect decreases if the individual is exposed
after the aged of 6, except for individuals exposed at ages 12 to 15 when they are nishing
primary school and beginning secondary school.
In column 2 the eect of earthquakes on years of education is shown. In this case, the
eect on education is relevant if the individual is aected during the rst four years of life
or during the rst years of secondary school (ages 12 to 14). Surprisingly, the results for
hurricanes in column 3 show no statistically signicant eect for individuals exposed during
the rst years of life. However, the impact becomes relevant if the individual is exposed
at school age. One factor that may explain this dierential result is that, in comparison
with the two natural disasters previously analyzed, this disaster is predictable, thus giving
people enough time to avoid risk areas. Although predictable, hurricanes provoke damage
to infrastructure that cannot be safeguarded, which may explain the negative eects found
during school age.
In column 4, the estimations suggest that the impact of landslides is relevant from a
statistical and economic perspective if the individual is exposed between the in utero period
and the rst 15 years of life. This study nds that the impact is greater if the landslide
impacts individuals younger than seven years old. This type of shock is a extremely
destructive and unfortunately not predictable. As a consequence, not only can schools
and health centers be destroyed but also basic service facilities such as water purication
plants that impact on individuals' health. This means that the destruction of infrastructure
can reduce the education of an individual exposed at the in utero period by 0.486 years,
and the greatest impact of this kind of shock occurs during the rst seven years of life.
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Thus, the size of the impact decreases as the age of the impacted individual increases.
Finally, the last column of Table 1.3 shows that the impact of a volcano is relevant if
the individual is exposed at the in utero period or at school age. This type of shock allows
individuals to escape and avoid part of the impact, but the damage to infrastructure and
access to basic services like piped water is total, with almost all infrastructure destroyed
that is touched by lava from the volcano. Moreover, gases emitted by the eruption of the
volcano may produce several respiratory illnesses, particularly during the in utero period
(Soto-Martinez et al., 2009).
To summarize the eects described in this subsection and to highlight the eect of
each type of natural disaster, Figure 1.4 presents a summary of the results. Since all the
statistically signicant coecients obtained in Table 1.3 are negative, I graph the absolute
value of the eect of each type of natural disaster. In Figure 1.4, the eect of each disaster
has a pattern related to the age of the aected individuals. Figures 1.5-1.9 include one
graph per disaster type to better demonstrate this pattern.
1.5.3 Eects on Health and Labor Outcomes for the First Generation
Apart from the eects on education, natural disasters can aect other dimensions of welfare
such us employment disabilities, unemployment and income. In particular I nd that nat-
ural disasters increase the likelihood that a disability prohibits an individual from working,
increases unemployment and reduces income in the long term.
The censuses data do not contain questions about health outcomes, but they do contain a
self-reported employment disability status variable. This question is present in the majority
of the countries and identies individuals who are unable to work because of any kind of
disability. In Table 1.4 the estimation of employment disabilities for those that should
be able to work is presented. To be consistent with the education estimation, the eects
for adults older than 20 are analyzed. From the table it is possible to see that all the
shocks generate signicant increments in the probability of being disabled, taking into
account that the probability of being disabled to work for the control districts is 0.024, for
all the natural disasters analyzed. Hurricanes are the natural disaster with the strongest
impact, generating an increase of 0.030 in the probability of being disabled if an individual
is shocked in utero. Furthermore, the impact of the shock is stronger when it occurs in
the rst 8 years of life. These results suggest that the eect is driven by the destructive
power of each type of disaster. Disasters that generate bigger destruction (hurricanes,
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earthquakes and landslides) more dramatically increase the probability of suering health
problems that prevent the individual from working.
The eects of natural disasters on unemployment are shown in Table 1.5. Surprisingly,
results are consistent with the ndings for education. In column 1, the results for the
impact of oods during early childhood on unemployment in the long-run are presented.
Floods are found to increase the unemployment of aected individuals in utero by 0.009.
This represents an increase of 10% on the probability of being unemployed. The eect of
oods on unemployment is statistically and economically signicant if the individuals are
shocked in the rst ve years of life and during the rst years of high school, mimicking
the results from Table 1.3.
Column 2 shows the eect of earthquakes on unemployment. In particular, the results
indicate that the impact of earthquakes during the rst four years of life increases un-
employment by 0.003. The impact of this type of shock is also signicant for school age
individuals. The impact of hurricanes is shown in column 3. For individuals in utero
during a hurricane, the probability of being unemployed is 0.009. The eect of hurricanes
is relevant if the individual is impacted during the rst ve years of life and during the
transition from primary to secondary school (ages 11 to 13).
Events like landslides strongly aect the infrastructure and economic situation of the
areas they touch. Column 4 shows that the eect on individuals is relevant during the rst
years of life. Moreover, the greatest impact of landslides is found when the event occurs
during the in utero period, unemployment increases in the long run by 0.009, meaning
that the destruction caused by landslides aects the health status of fetuses. This eect
decreases as the age of the aected individual increases.
Finally, the last column of Table 1.5 shows the eect of volcanoes on unemployment.
The eect of these shocks is signicant in the rst seven years of life. For instance, an
individual shocked in the rst year of life suers an increase in his probability of being
unemployed in the long run by 0.015.
In Table 1.6, the results of the eects of natural disasters on income are presented. In
order to facilitate comparison between countries, I use as dependent variables the natural
logarithm of the income of each individual. In column 1, the eect of oods on income is
presented. The results show that oods reduce the future income of an aected individual
during the in utero period by 12.6%. This eect is lower if the individual is aected during
the rst year of life (5.9%). Moreover, for individuals impacted during the preschool period
and the rst year of primary school (ages 3 to 6) the future income of these individuals is
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reduced by more than 3%.
Column 2 presents results for the estimation of the eect of earthquakes on income.
Although the eect of earthquakes on the future income of individuals is relevant indepen-
dent of the age of the aected individual, the eect is greater for individuals aected in
utero. These people suer a reduction of their income by 22.7%, and those aected at the
preschool age (4-5) suer an income reduction of 29.3%. Furthermore, the results found
for the ages mentioned above are consistent with those found for years of education.
The eect of hurricanes on income is highlighted in column 3. Individuals exposed to
hurricanes in the rst ve years of life are found to be unaected in their income. How-
ever, individuals aected during school age have a signicant reduction of their income.
Interestingly, the biggest coecient is reported for the ages beginning primary and sec-
ondary school, making their incomes 40.6% and 49.7% lower respectively when compared
to non-aected individuals.
Column 4 shows that the eects of landslides are relevant mainly when the impact is
received during the in utero period. An individual shocked in utero by an landslide has
an income reduction of 25.8%, while if this individual is exposed during his rst year of
life his future income is reduced by 16.4%. In addition, this study provides evidence that
shocks from landslides during school age also reduce the income of exposed individuals.
Finally, the impact of volcanoes reduces income at several stages of life (Column 5). In
particular, if an individual is shocked in utero his income is reduced by 28.7%. Additionally,
impacts during school ages have strong negative eects on the future income of exposed
individuals. This is the case mainly at the transition ages, at the beginning and end of
primary school and at the beginning of high school.
1.5.4 Eects on Other Outcomes for the First Generation
Natural disasters cause a shock that can aect many dimensions of welfare apart from
education, health and labor outcomes. In particular, this paper nds relevant eects on
the asset accumulation of aected individuals, small eects on fertility and migration.
In order to capture the eect of natural disasters on wealth, this work generates an index
using census information about assets such us rooms per capita, access to current water
and ownership of the household. In Table 1.7 the results for our main specications are
shown using the wealth index as our explicative variable for the exposure of the head of
household. The rst column shows the eects of oods on wealth if the head of household
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has been aected. In terms of wealth, the shocks are relevant if the individual is aected
at school age, including preschool, primary school and the rst years of high school.
This study nds signicant eects on wealth of earthquakes and volcanoes for almost all
ages. The main dierence between these shocks is that the impact in utero is greater for
volcanoes, reducing wealth by 0.98 if a head of household is aected in utero. This eect
is economically relevant taking into account that the mean of the wealth index is -0.07. In
the case of oods, I nd a stronger eect if the individual is aected during school age.
Hurricanes and volcanoes aect the wealth of a household if the head of household was
aected during his rst four years of life, with the in utero eect greater for hurricanes.
The main dierence between these natural disasters is that hurricanes aect wealth if the
shock aects the head of household during school age, while the eect of landslides during
that period is not signicant after the rst eight years of life.
Table 1.14 presents results for fertility, as measured by the number of children of the
head of household. Although the estimations present several statistically signicant results
showing negative eects on the number of children, the eects are only economically signif-
icant for earthquakes occurring in the rst four years of life, by oods during the gestation
period, and by landslides during school age. This eect overlaps with the eects found
for years of education, suggesting that more deprived households have fewer resources to
increase the family size. Although this study nds signicant evidence of a negative impact
on fertility, the results do not seem economically critical.
Finally, this study nds signicant results for migration, 7% of exposed individuals would
be misclassied in absence of birth location information. In order to compute the advantage
of using birth location instead of location at the time of the survey, this paper re-estimates
all the analysis using current location as a measure of exposure. The results indicate that
the bias produced as a consequence of this misclassication may lead to estimations up to
14% bigger than the ones presented in the main tables of this paper.
1.5.5 Eects on Education and Child Labor for the Second Generation
Eects of exposure to natural disasters during childhood have long lasting eects that may
aect the descendants of those who have been aected. In particular, the performance of
the children of exposed individuals in terms of years of education is analyzed, disabilities
and child labor. This paper observes no statistical dierence in the probability of being
disabled between those with aected parents and those with non aected parents. However,
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my ndings suggest that the second generation of individuals have less human capital
accumulation and a greater probability of work before age 16.
Tables 1.8 and 1.9 present our estimation of the intergenerational transmission of shock
for aected mothers and fathers, respectively. Both tables present an estimation of the
indirect eect model, coding as the treatment group those children with parents aected
by the shock. This work nds signicant negative eects of natural disasters on years of
education for the next generation of children with aected parents . Although the eects
on the next generation are signicant when either of the parents is aected, the eect
of having an aected mother is signicantly greater than the eect of having an aected
father. These results are in line with previous literature that argues that the education of
the mother is more relevant than the education of the father (Smith, 1989) when analyzing
the eect on the education for the next generation. 11
The strongest intergenerational eect caused by oods occurs in the in utero period.
The fact of having a mother aected by a ood while in utero reduces the education of
her child by 0.478 in comparison with other children of the same age with non-aected
mothers. The eect of having a father aected during his in utero period is to reduce the
years of education of his child by 0.02.
In the case of earthquakes, this study found statistically and economically relevant results
for the education of the next generation when parents are aected before their rst three
years of life. According to the results, the eect of having an aected mother is ten times
greater than the eect of having an aected father.
Column 3 of Tables 1.8 and 1.9 show the eects of hurricanes on the education of the
next generation. The eects are economically and statistically relevant if the mother was
aected during school age (ages 5 to 12). Table 11 shows that the eects of having an
aected father are statistically signicant independent of his age when shocked, but the
size of the eect is considerably less than the eect of having an aected mothers.
The last two columns of Tables 1.8 and 1.9 show the eect of having a mother or a father
aected by a landslide or volcano. Mothers in aected districts are found to produce the
greater eect. The results show that the fact of having a mother aected by any of these
shocks reduces the years of education by 0.2. Smaller reductions in years of education for
the next generation are found if mothers were shocked during their school age by either
landslides or volcanoes. On the other hand, children with a father aected during school
11The results are robust to the inclusion the education of the parents as controls or the inclusion of the
predicted education of the parens in a 2-step estimation
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age suer a signicant but smaller reduction in the years of education.
Finally, Tables 1.15 and 1.16 analyze the eect of natural disasters on the child labor of
the second generation. Comparable to the education results, the fact of having a father
that was aected has no impact on the child labor of the second generation, but this is not
the case when the mother is aected. The results suggest that those with mothers aected
in utero by a ood, an earthquake, a landslide or a volcano have a greater probability of
working before age 16. In addition, the impact of hurricanes and landslides (Columns 3
and 4) increases the child labor of the second generation when mothers are exposed during
their school age and pre-school age, respectively.12
1.5.6 Discussion of the impact mechanisms of natural disasters
The eects of natural disasters on the rst generation may aect the lives of their descen-
dants. This subsection nds that the negative eects experienced by the rst generation
lead to negative eects for the second generation.
Proper understanding of the mechanisms by which natural disasters aect the outcomes
studied in this paper is crucial for developing alleviation policies that protect people during
and after this kind of event. Unfortunately, the information available in the censuses does
not allow us to answer the question entirely. Although this data is limited, the results
presented suggest which mechanisms operate to aect the outcomes studied in this work.
Because of the dierence in size of each type of disaster, the size of the shocks should
be taken into account before arriving at any conclusion. It is possible that, independent
of the type of shock experienced, large shocks aect outcomes in a greater manner than
small shocks do. In order to control for disaster size, the third model is estimated. The
results presented in Table 1.10 show the dierences in years of education across dierent
types of natural disasters.
When controlling for the size of each disaster, the results show that the most relevant
shock during the gestation period and the rst two years of life is earthquakes, while during
school age it is landslides. Both disasters are highly destructive in terms of infrastructure
damage but the main dierence between them is their predictability. The fact that earth-
quakes, the most unpredictable disaster, are relevant during early childhood, highlights the
importance of the health dimension as a mechanism. In particular, this eect is greatest
12The results for education and child labor are robust to estimate the regressions conditional on having
both parents exposed.
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when individuals are shocked in utero. This eect is in line with the existing literature
about health shocks during gestation (Almond, 2006). On the other hand, the fact that
landslides are relevant during the school age suggests that the damage to infrastructure is
another relevant channel that aects investment in human capital for the aected children.
Another relevant dimension is the eect on asset loss as a result of disaster. According
to the results, oods and earthquakes are shocks that produce the greatest asset losses. If
these results were driven only by a deterioration of the economic situation of the families
of aected individuals, then the impact for those exposed in the in utero period or in the
rst years of life should not be greater than the impact during school age. However, for
both shocks, the greatest eects are present when the individual is exposed during the
in utero period and during early childhood. Given the existing literature about eects of
malnutrition on early childhood, this result suggests that poverty generated by asset loss
would aect the nutrition of all children in the household, but would generate greater neg-
ative eects for those aected in early childhood. Our results suggest that this mechanism
might be relevant, since children aected in the rst years of life and in utero are the most
impacted.
Related to the transmission of shocks to the next generation, there is a large body of
literature arguing that the education of the mother is a more important determinant of
the education of the children than that of the father. In fact, according to the results,
the impact found on years of education for the rst generation is mimicked by the eects
found on years of education for the second generation. However, there may be a dierential
impact by gender that can explain why mothers transmit shocks in a stronger way than
fathers. In order to test this, I present the results of the main outcomes by gender in
Table 1.11.
According to the results, the impact of natural disasters on employment disabilities and
on income is greater for women, but the impact on years of education is similar for males
and females (Table 1.11). These results suggest that the mechanism operating in the
transmission of shocks may be the deprivation of the household. Since mothers are more
deprived than fathers in terms of health and income, the scarcity of resources in households
with aected mothers may explain the lower education level of the children.
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1.5.7 Robustness checks
In addition to the previous approaches that use an identication strategy to compare
dierent cohorts in dierent birth districts, I estimate the eects of the natural disasters
using the oldest census available as a control group. This allow to control for individual
characteristics that may vary, but this variation is not related to the natural disasters. In
this case the identication is driven by individuals born in the same district and of the
same age, with some surveyed before and some surveyed after the natural disaster occurred.
The results are consistent with the outcomes analyzed in the above sections using the same
estimation strategy. This suggests that the identication strategy per se is not capturing
spurious relationships.
Since some of the natural disasters are from ancient ages where the records were not
as accurate as nowadays, this paper estimates the main regressions using only natural
disasters registered after 1970. As expected, the results are consistent with those results
derived from all the disasters of the 20th century, but they show smaller coecients because
of the inclusion of aected individuals in the control group.
Also, false experiments are performed by simulating false dates for dierent types of nat-
ural disasters in the aected districts. Also simulations of false locations for dierent types
of natural disasters for the aected cohorts are performed13. After several simulations, this
study nds no eects on these false experiments that strengthen our identication strategy
or the reliability of the results.
A nal concern regarding the validity of the main estimates relates to the possibility that
fertility and mortality patterns may dier in aected and non-aected districts. When the
impact on fertility patterns was examined, the results showed relatively little evidence
that aected individuals had a dierent number of children due to the natural disasters as
discussed in the main results section. This study also uses information about household
mortality to examine whether exposure to a natural disasters resulted in systematically
increased mortality. The results generally indicate no signicant eect on mortality. This
overall lack of relationship between disasters exposure and mortality should be understood
in the context of an environment with high mortality until 1980 (Ahmad et al., 2000). Such
a result would only lead to a downward bias in the main results reported in the paper.
13This false experiments include experiments coding as expose those cohorts that have been aected 1 to
15 years before conception
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1.5.8 Policy implications
In light of these results, this study focus on a key set of policy implications that may
mitigate the eects of natural disasters on education, health and labor outcomes. In
particular, four dimensions may be improved to prevent and alleviate the negative impact
of natural disasters.
First, every natural disaster is dierent. There is no a recipe for alleviating the eects of
all the natural disaster. As I show in this work, dierent type of disasters aect dierent
types of outcomes and have relevant eects at dierent stages of childhood. For this reason
there is no unique contingency plan for natural disasters. Each prevention and alleviation
plan should depend on the type and size of the disaster.
Second, information plays an important role. The predictability of certain types of
natural disasters allow policy makers to take preventive policies and avoid negative health
impacts. Thus, the improvement of alert and information systems is recommended as
an eective prevention policy. Improved predictability of these kind of shocks will allow
individuals the opportunity to evacuate aected areas.
Third, the cost-benet evaluation of any alleviation policy should take into account the
hidden cost of the intergenerational transmission the shocks. Natural disasters do not
only aect the rst generation of exposed individuals but also their children. The eect is
transmitted to the next generation if it was the mother who had been exposed, highlighting
the importance of targeting the alleviation policies mainly on females.
Finally, the targeting of alleviation policies should be very specic. Based on our esti-
mations, the main focus of alleviation policies should be pregnant women, and children on
their rst years of life and school age, depending on the type of disaster.
1.5.9 The Cost of Climate Change
Over the last 20 years there has been controversy about the real cost of climate change. In
particular, traditional studies have predicted that the frequency of hurricanes and oods
would increase by approximately by 50% (Webster and Holland, 2005 and Walsh et al.,
2013) in the comming years. This study is able to provide an estimation of the expected
increase in the frequency of hurricanes and oods.
An individual in Latin America has a 4% chance of being aected by a hurricane and
9% chance of experiencing a major ood. According to the estimations of this paper, an
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individual that is impacted by a hurricane lose on average 0.10 years of education, increases
the probability of being disabled by 3.3% and suers a reduction the future income of 41.5%
while an individual that it is impacted by a ood loses on average 0.16 years of education,
increases the probability of being disabled by 0.5% but a reduction of future income of
3.1%.
Supposing an the increase of 50% in the frequency of oods and hurricanes, that increase
would represent an average loss of 0.13 years of education, an increase in the probability of
being disabled of 1.9% and a decrease of 22.3% of potential income for the rst generation.
In addition the cost to the next generation must be considered (an additional loss of 0.08
in years of education).
1.6 Conclusion
This study estimated the long-term eect of natural disasters on education, health, income,
employment, fertility, and wealth, along with the intergenerational transmission of those
eects. To conduct this research all the disasters occurring from 1900 to 2000 in Latin
America were analyzed. As such, this is the rst paper to measure the welfare impacts of
all the natural disasters registered in one continent. I nd that the results obtained from
simple case studies have questionable external validity since there are relevant dierences
of results compared with results obtained from analyzing all disasters available.
This study has found that natural disasters aect the education, health, labor outcomes
and wealth of the individuals exposed. To identify these eects, this paper have exploited
the exogenous variation in the location and timing of natural disasters, as well as the
exposure of dierent cohorts to the shock. This study nds that the eect of natural
disasters diers depending on the type and size of the disaster and the age of the aected
individuals. Our main results indicate that the most fragile period for any individual to
receive this kind of shock is during the rst years of life and school age. Furthermore, oods
are found especially disastrous for education, fertility, employment and income. Hurricanes
strongly aect the probability of suering an employment disability and also a decrease
in the future income of aected individuals. On the other hand, volcanoes are found
to produce a large impact on income and wealth. The analysis of the intergenerational
transmission of shocks shows that mothers exposed to shocks are more likely to aect their
children's education than exposed fathers. Finally, our robustness check shows that the
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results described in this study are robust to the usage of measures of intensity of the natural
disasters.
A critical reason for studying the impact of natural disasters on welfare outcomes is the
lack of measures of their full and true impact. Such data is necessary in order to guide
the elaboration, design and targeting of alleviation policies. This study may be useful and
worthy for governments and policy makers in a variety of ways. First, it identies the
individuals most vulnerable to natural disaster exposure. Based on our estimations, the
main focus of alleviation policies should be pregnant women, children in their rst years
of life and school age. According to our estimations, the cost of any intervention should
take into account that the average negative eect on income for someone aected in utero
(14%) as well as the hidden cost on the human capital accumulation and increase of child
labor in the next generation.
Because of a lack of evidence for the seriousness of the perdurability of eects on individ-
uals produced by natural disasters, governments usually have few policies to prevent and
alleviate the consequences of these types of shocks. This paper does provide evidence of
the long-term eects of natural disasters and argues that there is a great need to generate
prevention and alleviation policies that focus on the mitigation of their long term eects.
Estimating the eect of all the natural disasters and measuring these long-term eects is
of paramount importance for researchers and academics but mostly for policy makers and
governments. A deep understanding of natural disasters and their eect is essential to
designing new, eective and timely policies to preserve human welfare and to reduce the
overall risk associated with these types of unfortunate events.
The results in this paper contribute to a growing literature that estimates the welfare
impacts of natural disasters. This approach generalize the impact of dierent types of
disasters, strengthens our condence in the results and conrms that natural disasters neg-
atively aect individuals in their childhood and extend those eects to their descendants.
The ndings in this study also benet the knowledge of a broader issue, the long-term
growth and development consequences of natural disasters. Since I have shown the long-
term eects of these shocks that occur during childhood, the eects of natural disasters
may be able to be overcome with well-targeted and exible social plans such as conditional
cash transfers to support the exposed population.
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Figure 1.2: Countries included in the database
Notes: The countries in grey represent the countries from Latin America included in this study.
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Table 1.1: Disasters Characteristics
Variables Number of Shocks Mean Standard Deviation
Floods 419
People Killed 158 1,701
Aected 127,160 546,226
Damage in millon dollars 168 442
Earthquakes 177
Killed 1,231 6,313
Aected 149,431 485,488
Damage in millon dollars 265 631
Hurricanes 190
Killed 158 550
Aected 113,129 286,959
Damage in millon dollars 243 657
Landslides 124
Killed 144 496
Aected 92,600 535,355
Damage in millon dollars 212 330
Volcanoes 44
Killed 1,510 5,421
Aected 35,440 71,027
Damage in millon dollars 163 343
Total 954
Killed 397 3,155
Aected 121,145 477,746
Damage in millon dollars 212 548
Notes: This table contains all the natural disasters included in this study. In particular, this study includes all the
natural disasters occurred during the 20th century in Argentina, Bolivia, Brazil, Colombia, Costa Rica, Ecuador, El
Salvador, Haiti, Jamaica, Mexico Nicaragua, Panama, Peru, Uruguay and Venezuela. Data source: EM-DAT and
DESINVENTAR
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Table 1.2: Balance Between Aected and Non-Aected Districts
Variables Aected district Control district Mean Dierence
(1) (2) (3)
Panel A: Adult Characteristics
Y of Education 7.126 6.588 0.538*
(0.239) (0.193) (0.307)
Employment Disabilities 0.020 0.024 -0.004***
(0.001) (0.001) (0.002)
Fertility (Number of children) 1.699 1.763 -0.063
(0.035) (0.044) (0.057)
Unemployment 0.094 0.089 0.006
(0.009) (0.007) (0.011)
Per capita annual Income in US Dollars 3180 3700 -514
(420) (269) (420)
Panel B: Household Characteristics
Wealth index 0.041 -0.178 0.219**
(0.074) (0.056) (0.093)
Asset Poverty 0.825 0.846 -0.022
(0.018) (0.015) (0.024)
Land Ownership 0.751 0.735 0.016
(0.011) (0.014) (0.018)
Access to Current Water 0.176 0.092 0.084***
(0.035) (0.034) (0.049)
Access to Electricity 0.917 0.857 0.059***
(0.008) (0.017) (0.019)
Panel C: Child Characteristics
Y of Education for children 5 to 20 8.887 8.007 0.880***
(0.176) (0.240) (0.297)
Y of Education for children 15 to 20 9.116 8.649 0.467
(0.543) (0.153) (0.564)
Enrollment for children 5 to 20 0.294 0.311 -0.016
(0.013) (0.011) (0.018)
Child Labor for children 5 to 15 0.203 0.198 0.005
(0.024) (0.026) (0.036)
Notes: Robust standard errors in parentheses, clustered at the district level. *Signicant at 10%; ** signicant
at 5%; *** signicant at 1%. All regressions include district xed eects, cohort xed eects, gender xed eects
and regional trends. The adults characteristics include all the individuals older than 20 years old while the child
characteristics include all the individuals younger than 21 years old. Data source: Last available National Censuses
of Argentina, Bolivia, Brazil, Chile, Colombia, Costa Rica, Ecuador, El Salvador, Haiti, Jamaica, Mexico, Nicaragua,
Panama, Peru, Uruguay and Venezuela.
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Table 1.3: Long-term Eects of Natural Disasters Exposure on Years of Education
Dependent Variable: Floods Earthquakes Hurricanes Landslides Volcanoes
Years of education (1) (2) (3) (4) (5)
Exposed in utero -0.472*** -0.191*** -0.012 -0.486*** -0.189**
(0.016) (0.012) (0.033) (0.039) (0.082)
Exposed at age 0-1 -0.420*** -0.146*** 0.050 -0.506*** 0.081
(0.016) (0.012) (0.034) (0.039) (0.055)
Exposed at age 1-2 -0.305*** -0.130*** -0.055* -0.467*** -0.094*
(0.015) (0.012) (0.032) (0.039) (0.054)
Exposed at age 2-3 -0.296*** -0.137*** 0.045 -0.557*** 0.018
(0.021) (0.015) (0.034) (0.044) (0.071)
Exposed at age 3-4 -0.136*** -0.139*** 0.061 -0.596*** 0.061
(0.020) (0.015) (0.033) (0.045) (0.069)
Exposed at age 4-5 -0.107*** -0.073*** 0.018 -0.576*** -0.069
(0.021) (0.015) (0.032) (0.046) (0.077)
Exposed at age 5-6 -0.105*** 0.013 -0.100*** -0.494*** -0.200***
(0.021) (0.016) (0.037) (0.046) (0.058)
Exposed at age 6-7 -0.074*** -0.041*** -0.113*** -0.480*** 0.088
(0.021) (0.016) (0.037) (0.047) (0.058)
Exposed at age 7-8 -0.065*** -0.042*** -0.124*** -0.313*** -0.116**
(0.017) (0.014) (0.037) (0.041) (0.059)
Exposed at age 8-9 -0.018 -0.060*** -0.159*** -0.271*** -0.095*
(0.017) (0.014) (0.038) (0.043) (0.055)
Exposed at age 9-10 -0.051*** -0.070*** -0.280*** -0.224*** 0.136
(0.017) (0.014) (0.034) (0.043) (0.093)
Exposed at age 10-11 -0.093*** -0.018 -0.218*** -0.359*** -0.121**
(0.018) (0.014) (0.033) (0.044) (0.060)
Exposed at age 11-12 -0.062*** -0.071*** -0.254*** -0.250*** -0.204***
(0.018) (0.014) (0.035) (0.045) (0.063)
Exposed at age 12-13 -0.132*** -0.109*** -0.084** -0.247*** -0.264***
(0.017) (0.013) (0.037) (0.029) (0.051)
Exposed at age 13-14 -0.086*** -0.119*** -0.034 -0.155*** -0.250***
(0.016) (0.013) (0.037) (0.030) (0.050)
Exposed at age 14-15 -0.155*** -0.062*** -0.004 -0.181*** -0.093
(0.017) (0.015) (0.037) (0.048) (0.092)
Observations 24,079,057 24,079,057 24,079,057 24,079,057 24,079,057
Notes: Robust standard errors in parentheses, clustered at the district level. *Signicant at 10%; ** signicant at 5%; *** signicant
at 1%. All regressions include district xed eects, cohort xed eects, gender xed eects and regional trends. The regressions
are based on individuals older than 20 years old. Data source: Last available National Censuses of Argentina, Bolivia, Brazil, Chile,
Colombia, Costa Rica, Ecuador, El Salvador, Haiti, Jamaica, Mexico, Nicaragua, Panama, Peru, Uruguay and Venezuela.
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Table 1.4: Long-term Eects of Natural Disasters Exposure on Employment Disabilities
Dependent Variable: Floods Earthquakes Hurricanes Landslides Volcanoes
Employment disability (1) (2) (3) (4) (5)
Exposed in utero 0.006*** 0.011*** 0.030*** 0.007*** 0.008***
(0.001) (0.001) (0.003) (0.001) (0.002)
Exposed at age 0-1 0.004*** 0.011*** 0.030*** 0.008*** 0.011***
(0.001) (0.001) (0.004) (0.001) (0.001)
Exposed at age 1-2 0.007*** 0.011*** 0.043*** 0.011*** 0.007***
(0.001) (0.001) (0.006) (0.001) (0.002)
Exposed at age 2-3 0.004*** 0.008*** 0.020*** 0.007*** 0.007***
(0.001) (0.001) (0.005) (0.001) (0.002)
Exposed at age 3-4 0.006*** 0.007*** 0.025*** 0.006*** 0.007***
(0.001) (0.001) (0.006) (0.001) (0.002)
Exposed at age 4-5 0.006*** 0.012*** 0.015*** 0.008*** 0.011***
(0.001) (0.001) (0.004) (0.001) (0.001)
Exposed at age 5-6 0.006*** 0.007*** 0.041*** 0.007*** 0.010***
(0.001) (0.001) (0.004) (0.001) (0.001)
Exposed at age 6-7 0.000*** 0.007*** 0.044*** 0.005*** 0.010***
(0.000) (0.001) (0.007) (0.001) (0.002)
Exposed at age 7-8 0.006*** 0.012*** 0.035*** 0.008*** 0.010***
(0.001) (0.001) (0.004) (0.001) (0.002)
Exposed at age 8-9 0.005*** 0.005*** 0.037*** 0.007*** 0.009***
(0.001) (0.001) (0.003) (0.001) (0.002)
Exposed at age 9-10 0.005*** 0.005*** 0.025*** 0.006*** 0.012***
(0.001) (0.001) (0.005) (0.001) (0.002)
Exposed at age 10-11 0.005*** 0.005*** 0.043*** 0.008*** 0.009***
(0.001) (0.001) (0.007) (0.001) (0.002)
Exposed at age 11-12 0.004*** 0.008*** -0.066 0.009*** 0.007***
(0.001) (0.001) (0.080) (0.001) (0.002)
Exposed at age 12-13 0.006*** 0.006*** 0.030*** 0.007*** 0.010***
(0.001) (0.001) (0.008) (0.001) (0.002)
Exposed at age 13-14 0.003*** 0.003** 0.027*** 0.007*** 0.006***
(0.001) (0.001) (0.008) (0.001) (0.002)
Exposed at age 14-15 0.001 0.005*** 0.010 0.009*** 0.007***
(0.001) (0.001) (0.007) (0.001) (0.002)
Observations 15,136,357 15,136,357 15,136,357 15,136,357 15,136,357
Notes: Robust standard errors in parentheses, clustered at the district level. *Signicant at 10%; ** signicant at 5%; *** signicant
at 1%. Employment Disabilities indicates if the respondent was economically inactive because of disabilities. All regressions include
district xed eects, cohort xed eects, gender xed eects and regional trends. The regressions are based on individuals older
than 20 years old. Data source: Last available National Censuses of Chile, Colombia, Ecuador, El Salvador, Haiti, Jamaica, Mexico,
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Table 1.5: Long-term Eects of Natural Disasters Exposure on Unemployment
Dependent Variable: Floods Earthquakes Hurricanes Landslides Volcanoes
Unemployment (1) (2) (3) (4) (5)
Exposed in utero 0.009*** 0.003*** 0.009** 0.009*** -0.006
(0.001) (0.001) (0.004) (0.002) (0.004)
Exposed at age 0-1 0.007*** 0.002* -0.001 0.008*** 0.015***
(0.001) (0.001) (0.004) (0.002) (0.003)
Exposed at age 1-2 0.005*** 0.002** 0.007** 0.006*** 0.010***
(0.001) (0.001) (0.004) (0.002) (0.003)
Exposed at age 2-3 0.003*** 0.004*** 0.015*** 0.004** 0.017***
(0.001) (0.001) (0.004) (0.002) (0.003)
Exposed at age 3-4 0.003*** 0.004*** 0.009*** 0.003* 0.017***
(0.001) (0.001) (0.003) (0.002) (0.003)
Exposed at age 4-5 0.002** -0.001 0.010*** -0.002 0.012***
(0.001) (0.001) (0.003) (0.002) (0.003)
Exposed at age 5-6 0.001 0.001 -0.005 -0.001 0.009***
(0.001) (0.001) (0.004) (0.002) (0.003)
Exposed at age 6-7 0.000 0.001 -0.006 -0.001 0.005*
(0.001) (0.001) (0.004) (0.002) (0.003)
Exposed at age 7-8 0.001 0.001 0.007* 0.006*** -0.004
(0.001) (0.001) (0.004) (0.002) (0.003)
Exposed at age 8-9 0.001 0.003*** 0.002 -0.001 -0.001
(0.001) (0.001) (0.004) (0.002) (0.003)
Exposed at age 9-10 0.001 0.005*** -0.004 -0.001 0.004
(0.001) (0.001) (0.003) (0.002) (0.003)
Exposed at age 10-11 0.001 0.003*** -0.001 0.004** -0.003
(0.001) (0.001) (0.003) (0.002) (0.003)
Exposed at age 11-12 0.002** 0.003*** 0.007* 0.000 -0.002
(0.001) (0.001) (0.004) (0.002) (0.003)
Exposed at age 12-13 0.002* 0.004*** 0.009** 0.004** -0.001
(0.001) (0.001) (0.004) (0.002) (0.003)
Exposed at age 13-14 0.003*** 0.004*** -0.002 -0.002 -0.001
(0.001) (0.001) (0.004) (0.002) (0.003)
Exposed at age 14-15 0.001 0.002** -0.003 -0.001 0.002
(0.001) (0.001) (0.004) (0.002) (0.003)
Observations 13,965,247 13,965,247 13,965,247 13,965,247 13,965,247
Notes: Robust standard errors in parentheses, clustered at the district level. *Signicant at 10%; ** signicant at 5%; *** signicant
at 1%. All regressions include district xed eects, cohort xed eects, gender xed eects and regional trends. The regressions
are based on individuals older than 20 years old. Data source: Last available National Censuses of Argentina, Bolivia, Brazil, Chile,
Colombia, Costa Rica, Ecuador, El Salvador, Haiti, Jamaica, Mexico, Nicaragua, Panama, Peru, Uruguay and Venezuela.
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Table 1.6: Long-term Eects of Natural Disasters Exposure on Income
Dependent Variable: Floods Earthquakes Hurricanes Landslides Volcanoes
Ln(Income) (1) (2) (3) (4) (5)
Exposed in utero -0.126*** -0.227*** -0.489 -0.258*** -0.287**
(0.018) (0.030) (0.354) (0.045) (0.122)
Exposed at age 0-1 -0.059*** -0.132*** -0.501 -0.164*** 0.024
(0.018) (0.031) (0.354) (0.045) (0.108)
Exposed at age 1-2 -0.028 -0.119*** -0.496 -0.056 -0.330***
(0.018) (0.030) (0.354) (0.046) (0.120)
Exposed at age 2-3 -0.028 -0.099*** -0.504 0.058 0.070
(0.018) (0.030) (0.354) (0.046) (0.127)
Exposed at age 3-4 -0.035* -0.057* -0.497 -0.021 -0.238*
(0.018) (0.031) (0.354) (0.046) (0.125)
Exposed at age 4-5 -0.035* -0.293*** -0.517 -0.011 0.141
(0.018) (0.029) (0.354) (0.047) (0.139)
Exposed at age 5-6 -0.039** -0.046 -0.406*** -0.066 0.082
(0.018) (0.033) (0.032) (0.047) (0.144)
Exposed at age 6-7 0.007 -0.014 -0.331*** -0.080* -0.396**
(0.018) (0.030) (0.036) (0.047) (0.161)
Exposed at age 7-8 -0.016 -0.125*** -0.399*** -0.082* -0.297*
(0.018) (0.031) (0.038) (0.048) (0.170)
Exposed at age 8-9 -0.003 -0.088*** -0.337*** -0.081* 0.140
(0.018) (0.031) (0.054) (0.048) (0.141)
Exposed at age 9-10 0.001 -0.085*** -0.331*** 0.027 -0.449*
(0.019) (0.030) (0.070) (0.049) (0.237)
Exposed at age 10-11 -0.025 -0.073** -0.278*** -0.148*** -0.519***
(0.019) (0.030) (0.078) (0.050) (0.185)
Exposed at age 11-12 -0.020 -0.085*** -0.358*** -0.015 0.158
(0.019) (0.031) (0.050) (0.051) (0.210)
Exposed at age 12-13 -0.034* -0.117*** -0.497*** -0.046 0.222
(0.020) (0.030) (0.027) (0.052) (0.224)
Exposed at age 13-14 -0.024 -0.088*** -0.330*** -0.096* -0.484**
(0.020) (0.032) (0.052) (0.053) (0.232)
Exposed at age 14-15 0.012 -0.141*** -0.361*** -0.095* 0.223
(0.020) (0.030) (0.047) (0.050) (0.262)
Observations 9,973,728 9,973,728 9,973,728 9,973,728 9,973,728
Notes: Robust standard errors in parentheses, clustered at the district level. *Signicant at 10%; ** signicant at 5%; *** signicant
at 1%. All regressions include district xed eects, cohort xed eects, gender xed eects and regional trends. The regressions are
based on individuals older than 20 years old. Data source: Last available National Censuses of Brazil, Jamaica, Mexico, Panama,
Uruguay and Venezuela.
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Table 1.7: Long-term Eects of Natural Disasters Exposure on Wealth
Dependent Variable: Floods Earthquakes Hurricanes Landslides Volcanoes
Wealth index (1) (2) (3) (4) (5)
Exposed in utero -0.006 -0.071*** -0.054*** -0.036*** -0.098***
(0.004) (0.004) (0.014) (0.009) (0.020)
Exposed at age 0-1 0.001 -0.063*** -0.016 -0.008 -0.107***
(0.004) (0.004) (0.014) (0.009) (0.017)
Exposed at age 1-2 -0.003 -0.063*** -0.072*** -0.015 -0.110***
(0.004) (0.004) (0.012) (0.009) (0.016)
Exposed at age 2-3 -0.008** -0.053*** -0.069*** -0.019** -0.121***
(0.004) (0.004) (0.013) (0.009) (0.016)
Exposed at age 3-4 -0.008** -0.052*** -0.050*** -0.021** -0.110***
(0.004) (0.004) (0.012) (0.009) (0.015)
Exposed at age 4-5 -0.001 -0.037*** -0.012 0.000 -0.093***
(0.004) (0.004) (0.011) (0.009) (0.017)
Exposed at age 5-6 -0.006* -0.047*** -0.018 -0.039*** -0.092***
(0.004) (0.004) (0.013) (0.008) (0.016)
Exposed at age 6-7 -0.003 -0.028*** -0.043*** -0.016* -0.094***
(0.003) (0.004) (0.013) (0.008) (0.016)
Exposed at age 7-8 -0.008** -0.015*** -0.034*** -0.025*** -0.083***
(0.003) (0.004) (0.012) (0.008) (0.016)
Exposed at age 8-9 -0.008** -0.025*** -0.039*** -0.007 -0.103***
(0.003) (0.004) (0.013) (0.008) (0.015)
Exposed at age 9-10 -0.003 -0.016*** -0.040*** 0.002 -0.085***
(0.003) (0.004) (0.011) (0.008) (0.017)
Exposed at age 10-11 -0.006* -0.016*** -0.049*** -0.009 -0.096***
(0.004) (0.004) (0.011) (0.008) (0.016)
Exposed at age 11-12 0.003 -0.017*** -0.078*** 0.012 -0.098***
(0.004) (0.004) (0.011) (0.009) (0.015)
Exposed at age 12-13 -0.007* -0.006 -0.036*** -0.002 -0.081***
(0.004) (0.004) (0.012) (0.009) (0.016)
Exposed at age 13-14 -0.010*** -0.012*** -0.054*** 0.006 -0.088***
(0.004) (0.004) (0.012) (0.009) (0.015)
Exposed at age 14-15 -0.001 0.002 -0.038*** -0.021** -0.035**
(0.004) (0.004) (0.012) (0.009) (0.016)
Observations 10,409,323 10,409,323 10,409,323 10,409,323 10,409,323
Notes: Robust standard errors in parentheses, clustered at the district level. *Signicant at 10%; ** signicant at 5%; *** signicant
at 1%. All regressions include district xed eects, cohort xed eects, gender xed eects and regional trends. The regressions
are based on individuals older than 20 years old. Data source: Last available National Censuses of Argentina, Bolivia, Brazil, Chile,
Colombia, Costa Rica, Ecuador, El Salvador, Haiti, Jamaica, Mexico, Nicaragua, Panama, Peru, Uruguay and Venezuela.
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Table 1.8: Intergenerational Transmission of Exposure of Mothers on Children's
Education
Dependent Variable: Floods Earthquakes Hurricanes Landslides Volcanoes
Years of education (1) (2) (3) (4) (5)
Mother's Exposure in utero -0.478*** -0.193*** -0.076 0.039 -0.086
(0.017) (0.013) (0.047) (0.057) (0.154)
Mother's Exposure at age 0-1 -0.090*** -0.230*** -0.063*** -0.203*** -0.212**
(0.005) (0.010) (0.005) (0.018) (0.094)
Mother's Exposure at age 1-2 -0.101*** -0.184*** -0.049*** -0.086** -0.226
(0.004) (0.011) (0.004) (0.044) (0.162)
Mother's Exposure at age 2-3 -0.094*** -0.139*** -0.044*** -0.093** -0.024
(0.004) (0.011) (0.004) (0.044) (0.206)
Mother's Exposure at age 3-4 -0.100*** -0.011** -0.040*** -0.053* -0.047
(0.004) (0.005) (0.002) (0.032) (0.035)
Mother's Exposure at age 4-5 -0.048*** 0.008 -0.108*** -0.158*** -0.096***
(0.004) (0.008) (0.007) (0.014) (0.031)
Mother's Exposure at age 5-6 -0.105*** -0.064*** -0.295*** -0.100*** 0.058
(0.004) (0.008) (0.015) (0.028) (0.037)
Mother's Exposure at age 6-7 -0.022*** -0.012*** 0.002 -0.123*** 0.064
(0.001) (0.004) (0.001) (0.029) (0.040)
Mother's Exposure at age 7-8 -0.077*** -0.014*** -0.178*** -0.024 0.013
(0.004) (0.004) (0.015) (0.023) (0.040)
Mother's Exposure at age 8-9 -0.073*** -0.016*** -0.038*** -0.090*** -0.127***
(0.004) (0.004) (0.013) (0.013) (0.026)
Mother's Exposure at age 9-10 -0.078*** 0.005 -0.736*** -0.052** -0.061
(0.005) (0.003) (0.173) (0.022) (0.211)
Mother's Exposure at age 10-11 -0.028*** -0.016*** -0.120 -0.016 -0.110**
(0.004) (0.004) (0.082) (0.024) (0.043)
Mother's Exposure at age 11-12 -0.007 -0.060*** -0.454*** -0.103*** 0.183
(0.004) (0.004) (0.087) (0.025) (0.355)
Mother's Exposure at age 12-13 -0.056*** -0.002*** -0.008 0.079*** -0.094***
(0.004) (0.000) (0.011) (0.013) (0.029)
Mother's Exposure at age 13-14 -0.002 -0.002*** 0.006 -0.029* -0.021
(0.004) (0.000) (0.008) (0.016) (0.025)
Mother's Exposure at age 14-15 -0.023** -0.002*** -0.051* -0.085*** 0.174
(0.009) (0.000) (0.030) (0.026) (0.239)
Observations 9,570,450 9,570,450 9,570,450 9,570,450 9,570,450
Notes: Robust standard errors in parentheses, clustered at the district level. *Signicant at 10%; ** signicant at 5%; *** signicant
at 1%. All regressions include district xed eects, cohort xed eects, gender xed eects and regional trends. The regressions
are based on individuals older than 5 and younger than 20 years old. Data source: Last available National Censuses of Argentina,
Bolivia, Brazil, Chile, Colombia, Costa Rica, Ecuador, El Salvador, Haiti, Jamaica, Mexico, Nicaragua, Panama, Peru, Uruguay and
Venezuela.
44
Table 1.9: Intergenerational Transmission of Exposure of Fathers on Children's Education
Dependent Variable: Floods Earthquakes Hurricanes Landslides Volcanoes
Years of education (1) (2) (3) (4) (5)
Father's Exposure in utero -0.020*** -0.017*** -0.053*** -0.004** -0.007*
(0.001) (0.001) (0.003) (0.001) (0.004)
Father's Exposure at age 0-1 -0.019*** -0.014*** -0.053*** 0.000 -0.009**
(0.001) (0.001) (0.003) (0.002) (0.004)
Father's Exposure at age 1-2 -0.011*** -0.012*** -0.056*** -0.003** 0.004
(0.001) (0.001) (0.003) (0.001) (0.004)
Father's Exposure at age 2-3 -0.010*** -0.007*** -0.057*** 0.002 -0.005
(0.001) (0.001) (0.002) (0.001) (0.004)
Father's Exposure at age 3-4 -0.010*** -0.006*** -0.052*** -0.002* -0.011***
(0.001) (0.001) (0.002) (0.001) (0.004)
Father's Exposure at age 4-5 -0.013*** -0.003*** -0.061*** -0.002 -0.001
(0.001) (0.001) (0.002) (0.001) (0.003)
Father's Exposure at age 5-6 -0.009*** -0.003*** -0.041*** -0.001 -0.001
(0.001) (0.001) (0.002) (0.001) (0.003)
Father's Exposure at age 6-7 -0.012*** 0.000 -0.036*** -0.004*** -0.002
(0.001) (0.001) (0.002) (0.001) (0.003)
Father's Exposure at age 7-8 -0.004*** -0.002** -0.033*** -0.006*** -0.017***
(0.001) (0.001) (0.002) (0.001) (0.003)
Father's Exposure at age 8-9 -0.002*** -0.002*** -0.027*** -0.011*** -0.009***
(0.001) (0.001) (0.002) (0.001) (0.003)
Father's Exposure at age 9-10 -0.009*** 0.002*** -0.032*** -0.012*** -0.007**
(0.001) (0.001) (0.002) (0.001) (0.003)
Father's Exposure at age 10-11 -0.008*** -0.001 -0.021*** -0.008*** -0.009***
(0.001) (0.001) (0.002) (0.001) (0.003)
Father's Exposure at age 11-12 -0.006*** 0.001 -0.023*** -0.009*** -0.014***
(0.001) (0.001) (0.002) (0.001) (0.003)
Father's Exposure at age 12-13 -0.007*** 0.002*** -0.022*** -0.012*** -0.008***
(0.001) (0.001) (0.002) (0.001) (0.003)
Father's Exposure at age 13-14 -0.003*** 0.005*** -0.016*** -0.004*** -0.010***
(0.001) (0.001) (0.002) (0.001) (0.003)
Father's Exposure at age 14-15 -0.006*** 0.005*** -0.015*** -0.014*** -0.005*
(0.001) (0.001) (0.002) (0.001) (0.003)
Observations 9,570,450 9,570,450 9,570,450 9,570,450 9,570,450
Notes: Robust standard errors in parentheses, clustered at the district level. *Signicant at 10%; ** signicant at 5%; *** signicant
at 1%. All regressions include district xed eects, cohort xed eects, gender xed eects and regional trends. The regressions
are based on individuals older than 5 and younger than 20 years old. Data source: Last available National Censuses of Argentina,
Bolivia, Brazil, Chile, Colombia, Costa Rica, Ecuador, El Salvador, Haiti, Jamaica, Mexico, Nicaragua, Panama, Peru, Uruguay and
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Table 1.10: Long-term Eects of Natural Disasters Exposure on Education by the
Number of Aected Individuals
Dependent Variable: Floods Earthquakes Hurricanes Landslides Volcanoes
Years of Education (1) (2) (3) (4) (5)
Intensity of Exposure in utero -0.044*** -0.072*** -0.005 -0.032*** -0.036
(0.007) (0.006) (0.004) (0.011) (0.236)
Intensity of Exposure at age 0-1 -0.060*** -0.075*** -0.009** -0.062*** -0.032
(0.007) (0.006) (0.004) (0.010) (0.021)
Intensity of Exposure at age 1-2 -0.050*** -0.054*** -0.007 -0.067*** -0.081***
(0.008) (0.006) (0.004) (0.011) (0.022)
Intensity of Exposure at age 2-3 -0.049*** -0.042*** -0.003 -0.089*** -0.025
(0.008) (0.006) (0.004) (0.011) (0.021)
Intensity of Exposure at age 3-4 -0.028*** -0.045*** -0.007 -0.067*** -0.015
(0.008) (0.006) (0.004) (0.011) (0.021)
Intensity of Exposure at age 4-5 -0.034*** -0.018*** -0.008** -0.070*** -0.003
(0.008) (0.006) (0.004) (0.011) (0.021)
Intensity of Exposure at age 5-6 -0.031*** -0.031*** -0.029*** -0.085*** -0.012
(0.008) (0.006) (0.004) (0.011) (0.019)
Intensity of Exposure at age 6-7 -0.030*** -0.023*** -0.028*** -0.100*** -0.020
(0.008) (0.006) (0.004) (0.012) (0.021)
Intensity of Exposure at age 7-8 -0.005*** -0.002 -0.019*** -0.115*** -0.091
(0.001) (0.007) (0.004) (0.012) (0.191)
Intensity of Exposure at age 8-9 -0.006*** -0.022*** -0.018*** -0.140*** -0.051***
(0.001) (0.007) (0.004) (0.013) (0.020)
Intensity of Exposure at age 9-10 -0.007*** -0.004 -0.037*** -0.165*** -0.072***
(0.001) (0.007) (0.005) (0.013) (0.020)
Intensity of Exposure at age 10-11 -0.008*** -0.007 -0.029*** -0.170*** -0.068***
(0.001) (0.007) (0.004) (0.013) (0.020)
Intensity of Exposure at age 11-12 -0.006*** -0.016** -0.032*** -0.140*** -0.036*
(0.001) (0.007) (0.005) (0.014) (0.020)
Intensity of Exposure at age 12-13 -0.050*** -0.034*** -0.007 -0.142*** -0.026
(0.009) (0.007) (0.005) (0.015) (0.021)
Intensity of Exposure at age 13-14 -0.009*** -0.035*** -0.006 -0.153*** -0.081***
(0.001) (0.007) (0.005) (0.015) (0.020)
Intensity of Exposure at age 14-15 -0.069*** -0.065*** -0.009* -0.122*** -0.034
(0.009) (0.007) (0.005) (0.015) (0.021)
Notes: Robust standard errors in parentheses, clustered at the district level. *Signicant at 10%; ** signicant at 5%; *** signicant
at 1%. All regressions include district xed eects, cohort xed eects, gender xed eects and regional trends. The regressions are
based on 24,079,057 individuals older than 20 years old. Data source: Last available National Censuses of Argentina, Bolivia, Brazil,
Chile, Colombia, Costa Rica, Ecuador, El Salvador, Haiti, Jamaica, Mexico, Nicaragua, Panama, Peru, Uruguay and Venezuela.
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Table 1.11: Long-term Eects of Disasters on Education, Disabilities and Income by
Gender
Male Female Male Female Male Female
Dependent Variable: Years of education Probability of disability Ln(Income)
(1) (2) (3) (4) (5) (6)
Exposed in utero -0.271*** -0.307*** 0.005*** 0.009*** -0.123*** -0.158***
(0.011) (0.011) (0.001) (0.001) (0.025) (0.019)
Exposed at age 0-1 -0.237*** -0.216*** 0.007*** 0.010*** -0.006 -0.060***
(0.011) (0.011) (0.001) (0.001) (0.024) (0.019)
Exposed at age 1-2 -0.225*** -0.204*** 0.007*** 0.009*** 0.030 -0.047**
(0.011) (0.011) (0.001) (0.001) (0.024) (0.018)
Exposed at age 2-3 -0.218*** -0.203*** 0.004*** 0.006*** 0.000 -0.027
(0.015) (0.014) (0.001) (0.001) (0.024) (0.018)
Exposed at age 3-4 -0.170*** -0.177*** 0.005*** 0.004*** -0.008 -0.037**
(0.015) (0.015) (0.001) (0.001) (0.024) (0.018)
Exposed at age 4-5 -0.136*** -0.095*** 0.006*** 0.008*** -0.052** -0.085***
(0.016) (0.015) (0.001) (0.001) (0.024) (0.018)
Exposed at age 5-6 -0.061*** -0.068*** 0.004*** 0.006*** -0.013 -0.044**
(0.016) (0.015) (0.001) (0.001) (0.025) (0.018)
Exposed at age 6-7 -0.076*** -0.072*** 0.005*** 0.006*** -0.045* -0.022
(0.016) (0.015) (0.001) (0.001) (0.025) (0.018)
Exposed at age 7-8 -0.013 -0.075*** 0.005*** 0.009*** -0.004 -0.056***
(0.013) (0.013) (0.001) (0.001) (0.025) (0.018)
Exposed at age 8-9 -0.040*** -0.061*** 0.004*** 0.005*** 0.019 -0.055***
(0.013) (0.013) (0.001) (0.001) (0.025) (0.018)
Exposed at age 9-10 -0.071*** -0.097*** 0.003*** 0.006*** -0.018 0.006
(0.013) (0.013) (0.001) (0.001) (0.026) (0.019)
Exposed at age 10-11 -0.049*** -0.074*** 0.005*** 0.005*** 0.009 -0.078***
(0.013) (0.013) (0.001) (0.001) (0.026) (0.019)
Exposed at age 11-12 -0.096*** -0.098*** 0.004*** 0.006*** -0.037 -0.014
(0.014) (0.014) (0.001) (0.001) (0.026) (0.019)
Exposed at age 12-13 -0.139*** -0.131*** 0.004*** 0.008*** -0.068*** -0.026
(0.013) (0.013) (0.001) (0.001) (0.026) (0.020)
Exposed at age 13-14 -0.113*** -0.079*** 0.003*** 0.004*** -0.033 -0.025
(0.013) (0.013) (0.001) (0.001) (0.027) (0.020)
Exposed at age 14-15 -0.082*** -0.095*** 0.004*** 0.003*** 0.007 -0.029
(0.015) (0.014) (0.001) (0.001) (0.026) (0.020)
Observations 11,586,810 12,492,247 7,270,242 7,866,115 5,400,244 4,573,484
Notes: Robust standard errors in parentheses, clustered at the district level. *Signicant at 10%; ** signicant at 5%; *** signicant at
1%. All natural disasters are combined in the estimations. The results are consistent for each disaster type separately. All regressions
include district xed eects, cohort xed eects, gender xed eects and regional trends. The regressions are based on individuals
older than 20 years old. Data source: National Censuses.
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Table 1.12: Long-term Eects of Big Natural Disasters on Years of Education
Dependent Variable: Floods Earthquakes Hurricanes Landslides Volcanoes
Years of education (1) (2) (3) (4) (5)
Exposed in utero -0.738*** -0.386*** -0.297*** -0.597*** -0.247***
(0.017) (0.016) (0.027) (0.018) (0.065)
Exposed at age 0-1 -0.720*** -0.369*** -0.280*** -0.694*** 0.017
(0.018) (0.016) (0.027) (0.098) (0.065)
Exposed at age 1-2 -0.646*** -0.305*** -0.286*** -0.682*** -0.263***
(0.016) (0.016) (0.027) (0.016) (0.023)
Exposed at age 2-3 -0.666*** -0.301*** -0.324*** -0.692*** -0.079***
(0.020) (0.022) (0.028) (0.016) (0.029)
Exposed at age 3-4 -0.567*** -0.286*** -0.239*** -1.862*** -0.067**
(0.021) (0.022) (0.028) (0.038) (0.028)
Exposed at age 4-5 -0.561*** -0.199*** -0.124*** -1.601*** -0.090***
(0.021) (0.021) (0.029) (0.039) (0.029)
Exposed at age 5-6 -0.139*** -0.063*** -0.109*** -1.486*** -0.629***
(0.022) (0.024) (0.028) (0.038) (0.063)
Exposed at age 6-7 -0.067*** -0.123*** -0.287*** -0.800*** -0.186***
(0.022) (0.022) (0.029) (0.041) (0.027)
Exposed at age 7-8 -0.201*** -0.157*** -0.172*** -0.498*** -0.124***
(0.020) (0.018) (0.029) (0.103) (0.027)
Exposed at age 8-9 -0.084*** -0.181*** -0.199*** -0.410*** -0.161***
(0.020) (0.018) (0.038) (0.104) (0.029)
Exposed at age 9-10 -0.075*** -0.196*** -0.396*** -0.407*** -0.175***
(0.020) (0.018) (0.030) (0.109) (0.030)
Exposed at age 10-11 -0.099*** -0.243*** -0.319*** -0.540** -0.134***
(0.020) (0.017) (0.033) (0.109) (0.029)
Exposed at age 11-12 -0.038* -0.186*** -0.326*** -0.529** -0.391***
(0.021) (0.018) (0.031) (0.108) (0.027)
Exposed at age 12-13 -0.111*** -0.270*** -0.094 -0.531** -0.357***
(0.020) (0.018) (0.094) (0.109) (0.064)
Exposed at age 13-14 -0.006 -0.224*** -0.053* -0.249*** -0.348***
(0.019) (0.018) (0.032) (0.046) (0.064)
Exposed at age 14-15 -0.109*** -0.183*** -0.114*** -0.251*** -0.240***
(0.020) (0.018) (0.032) (0.047) (0.035)
Observations 24,079,057 24,079,057 24,079,057 24,079,057 24,079,057
Notes: Robust standard errors in parentheses, clustered at the district level. *Signicant at 10%; ** signicant at 5%; *** signicant
at 1%. The natural disasters included in these regressions are those that aect more individuals than the average number of aected
individuals of each natural disaster type. All regressions include district xed eects, cohort xed eects, gender xed eects and
regional trends. The regressions are based on individuals older than 20 years old. Data source: Last available National Censuses.
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Table 1.13: Long-term Eects of Small Natural Disasters on Years of Education
Dependent Variable: Floods Earthquakes Hurricanes Landslides Volcanoes
Years of education (1) (2) (3) (4) (5)
Exposed in utero -0.185*** -0.123*** -0.002 -0.223** -0.172***
(0.009) (0.007) (0.006) (0.093) (0.027)
Exposed at age 0-1 -0.146*** -0.094*** -0.001 -0.392*** -0.034
(0.009) (0.007) (0.006) (0.017) (0.026)
Exposed at age 1-2 -0.142*** -0.102*** -0.001 -0.061 0.076
(0.009) (0.007) (0.010) (0.100) (0.065)
Exposed at age 2-3 -0.138*** -0.068*** 0.002 -0.237*** 0.070
(0.009) (0.008) (0.009) (0.022) (0.075)
Exposed at age 3-4 -0.129*** -0.036*** 0.118 -0.071*** 0.083
(0.008) (0.008) (0.355) (0.024) (0.083)
Exposed at age 4-5 -0.097*** 0.134 0.185 -0.208*** 0.121
(0.008) (0.085) (0.259) (0.023) (0.634)
Exposed at age 5-6 -0.094*** 0.023 -0.007 -0.121*** -0.021
(0.008) (0.082) (0.010) (0.023) (0.028)
Exposed at age 6-7 -0.038 -0.104 0.019 -0.168*** 0.098
(0.104) (0.091) (0.037) (0.024) (0.097)
Exposed at age 7-8 0.081 0.128 -0.039*** -0.092*** -0.066
(0.104) (0.085) (0.010) (0.018) (0.065)
Exposed at age 8-9 0.140 0.019 -0.021* -0.039** 0.039
(0.104) (0.082) (0.011) (0.018) (0.067)
Exposed at age 9-10 0.008 -0.109 -0.041*** -0.081*** 0.244
(0.009) (0.091) (0.011) (0.019) (0.205)
Exposed at age 10-11 0.135 0.039 -0.033*** -0.011 -0.101***
(0.085) (0.082) (0.011) (0.019) (0.049)
Exposed at age 11-12 0.026 -0.056*** -0.061*** -0.045** -0.182***
(0.082) (0.008) (0.011) (0.020) (0.030)
Exposed at age 12-13 -0.094*** -0.070*** 0.011 -0.060*** -0.196***
(0.009) (0.008) (0.011) (0.014) (0.031)
Exposed at age 13-14 -0.085*** -0.039*** -0.015 -0.055*** -0.130***
(0.009) (0.008) (0.011) (0.014) (0.028)
Exposed at age 14-15 -0.074*** -0.023*** 0.012 -0.058*** 0.142
(0.009) (0.008) (0.011) (0.018) (0.113)
Observations 24,079,057 24,079,057 24,079,057 24,079,057 24,079,057
Notes: Robust standard errors in parentheses, clustered at the district level. *Signicant at 10%; ** signicant at 5%; *** signicant
at 1%. The natural disasters included in these regressions are those that aect less individuals than the average number of aected
individuals of each natural disaster type. All regressions include district xed eects, cohort xed eects, gender xed eects and
regional trends. The regressions are based on individuals older than 20 years old. Data source: Last available National Censuses.
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Table 1.14: Long-term Eects of Natural Disasters Exposure on Fertility of the Head of
Household
Dependent Variable: Floods Earthquakes Hurricanes Landslides Volcanoes
Number of children (1) (2) (3) (4) (5)
Exposed in utero -0.083*** -0.099*** 0.011 -0.072*** 0.025
(0.005) (0.006) (0.020) (0.011) (0.026)
Exposed at age 0-1 -0.065*** -0.126*** -0.023 -0.047*** 0.014
(0.005) (0.006) (0.018) (0.011) (0.022)
Exposed at age 1-2 -0.048*** -0.103*** -0.035** -0.068*** -0.043**
(0.005) (0.006) (0.018) (0.011) (0.021)
Exposed at age 2-3 -0.049*** -0.103*** 0.011 -0.057*** -0.061***
(0.005) (0.006) (0.018) (0.011) (0.021)
Exposed at age 3-4 -0.041*** -0.105*** -0.028* -0.076*** -0.033*
(0.005) (0.006) (0.017) (0.011) (0.020)
Exposed at age 4-5 -0.054*** -0.080*** -0.014 -0.103*** -0.054**
(0.005) (0.006) (0.017) (0.011) (0.021)
Exposed at age 5-6 -0.041*** -0.075*** -0.041** -0.081*** -0.042**
(0.005) (0.006) (0.020) (0.011) (0.021)
Exposed at age 6-7 -0.043*** -0.078*** -0.022 -0.101*** -0.077***
(0.005) (0.006) (0.019) (0.011) (0.020)
Exposed at age 7-8 -0.031*** -0.114*** -0.043** -0.093*** 0.032
(0.005) (0.006) (0.020) (0.011) (0.020)
Exposed at age 8-9 -0.034*** -0.074*** -0.014 -0.112*** 0.028
(0.005) (0.006) (0.020) (0.011) (0.018)
Exposed at age 9-10 -0.038*** -0.062*** -0.031* -0.114*** -0.087***
(0.005) (0.006) (0.017) (0.011) (0.022)
Exposed at age 10-11 -0.034*** -0.064*** 0.007 -0.114*** 0.016
(0.006) (0.006) (0.017) (0.012) (0.020)
Exposed at age 11-12 -0.031*** -0.056*** -0.033* -0.118*** -0.053***
(0.006) (0.006) (0.018) (0.012) (0.021)
Exposed at age 12-13 -0.030*** -0.066*** 0.025 -0.091*** 0.012
(0.006) (0.006) (0.019) (0.012) (0.021)
Exposed at age 13-14 -0.022*** -0.048*** 0.013 -0.111*** -0.009
(0.006) (0.007) (0.019) (0.012) (0.020)
Exposed at age 14-15 -0.033*** -0.069*** 0.014 -0.146*** -0.052**
(0.006) (0.007) (0.020) (0.012) (0.022)
Observations 10,543,282 10,543,282 10,543,282 10,543,282 10,543,282
Notes: Robust standard errors in parentheses, clustered at the district level. *Signicant at 10%; ** signicant at 5%; *** signicant
at 1%. All regressions include district xed eects, cohort xed eects, gender xed eects and regional trends. The regressions are
based on individuals older than 20 years old. Data source: Last available National Censuses.
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Table 1.15: Intergenerational Transmission of Exposure of Mothers to Natural Disasters
on Child Labor
Dependent Variable: Floods Earthquakes Hurricanes Landslides Volcanoes
Child Labor (1) (2) (3) (4) (5)
Mother's Exposure in utero 0.012*** 0.009* 0.039 0.036* 0.076*
(0.005) (0.005) (0.028) (0.021) (0.039)
Mother's Exposure at age 0-1 -0.004 0.004 0.042 0.008 0.014
(0.005) (0.007) (0.042) (0.012) (0.024)
Mother's Exposure at age 1-2 0.005 0.000 0.008 -0.015 -0.019
(0.005) (0.007) (0.034) (0.011) (0.024)
Mother's Exposure at age 2-3 -0.006 0.005 -0.010 0.018* -0.009
(0.005) (0.007) (0.029) (0.011) (0.024)
Mother's Exposure at age 3-4 -0.004 0.010 0.063** 0.006 0.026
(0.004) (0.007) (0.028) (0.010) (0.025)
Mother's Exposure at age 4-5 -0.004 0.007 0.031 0.021** 0.015
(0.004) (0.007) (0.020) (0.009) (0.024)
Mother's Exposure at age 5-6 -0.004 0.007 -0.009 -0.001 0.014
(0.004) (0.006) (0.020) (0.009) (0.023)
Mother's Exposure at age 6-7 0.004 0.008 0.034* 0.024*** 0.002
(0.004) (0.006) (0.018) (0.009) (0.022)
Mother's Exposure at age 7-8 -0.007 -0.001 0.051*** 0.010 0.011
(0.005) (0.006) (0.016) (0.008) (0.023)
Mother's Exposure at age 8-9 0.002 -0.001 0.058*** -0.003 0.020
(0.004) (0.006) (0.016) (0.008) (0.026)
Mother's Exposure at age 9-10 -0.008 0.010 0.062*** -0.006 0.012
(0.005) (0.006) (0.014) (0.008) (0.022)
Mother's Exposure at age 10-11 -0.007 -0.005 0.016 0.003 -0.018
(0.005) (0.004) (0.013) (0.008) (0.021)
Mother's Exposure at age 11-12 0.001 0.009 0.043*** 0.012 0.008
(0.004) (0.006) (0.014) (0.007) (0.021)
Mother's Exposure at age 12-13 -0.002 -0.005 0.024* -0.009 0.006
(0.004) (0.006) (0.013) (0.007) (0.020)
Mother's Exposure at age 13-14 -0.003 0.004 -0.001 0.004 0.005
(0.004) (0.006) (0.013) (0.007) (0.019)
Mother's Exposure at age 14-15 -0.004 0.006 0.000 0.006 -0.003
(0.004) (0.007) (0.013) (0.007) (0.019)
Observations 528,790 528,790 528,790 528,790 528,790
Notes: Robust standard errors in parentheses, clustered at the district level. *Signicant at 10%; ** signicant at 5%; *** signicant
at 1%. All regressions include district xed eects, cohort xed eects, gender xed eects and regional trends. The regressions
are based on individuals younger than 16 years old where child labor takes value equal to one if the child works. Data source: Last
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Table 1.16: Intergenerational Transmission of Exposure of Fathers to Natural Disasters
on Child Labor
Dependent Variable: Floods Earthquakes Hurricanes Landslides Volcanoes
Child Labor (1) (2) (3) (4) (5)
Father's Exposure in utero -0.003 0.004 -0.014 0.030 -0.011
(0.008) (0.010) (0.034) (0.026) (0.046)
Father's Exposure at age 0-1 0.005 0.010 0.045 -0.021 0.054
(0.007) (0.009) (0.045) (0.025) (0.045)
Father's Exposure at age 1-2 -0.008 0.011 -0.025 -0.023 -0.017
(0.007) (0.009) (0.044) (0.024) (0.036)
Father's Exposure at age 2-3 0.001 0.003 0.015 -0.011 0.007
(0.006) (0.009) (0.051) (0.018) (0.043)
Father's Exposure at age 3-4 -0.004 0.006 0.014 -0.001 -0.019
(0.006) (0.008) (0.045) (0.021) (0.038)
Father's Exposure at age 4-5 0.007 -0.003 0.029 0.018 0.030
(0.005) (0.008) (0.028) (0.019) (0.041)
Father's Exposure at age 5-6 0.000 0.007 -0.038 0.004 -0.055
(0.005) (0.008) (0.046) (0.018) (0.039)
Father's Exposure at age 6-7 0.004 0.005 0.005 0.030 0.020
(0.005) (0.008) (0.038) (0.019) (0.036)
Father's Exposure at age 7-8 -0.004 0.008 0.035 0.010 0.004
(0.005) (0.008) (0.036) (0.017) (0.023)
Father's Exposure at age 8-9 -0.005 0.007 -0.039 0.025 0.024
(0.005) (0.007) (0.037) (0.016) (0.038)
Father's Exposure at age 9-10 -0.003 0.003 0.021 -0.002 -0.026
(0.005) (0.005) (0.030) (0.015) (0.035)
Father's Exposure at age 10-11 -0.006 0.006 -0.035 0.007 -0.017
(0.005) (0.007) (0.029) (0.015) (0.042)
Father's Exposure at age 11-12 -0.000 0.006 0.005 0.005 0.045
(0.005) (0.007) (0.030) (0.009) (0.037)
Father's Exposure at age 12-13 0.003 0.007 -0.043 -0.020 -0.029
(0.005) (0.007) (0.033) (0.014) (0.034)
Father's Exposure at age 13-14 0.000 0.008 -0.033 -0.002 -0.042
(0.004) (0.007) (0.031) (0.014) (0.033)
Father's Exposure at age 14-15 -0.000 0.007 0.003 0.005 -0.039
(0.004) (0.007) (0.015) (0.008) (0.033)
Observations 528,790 528,790 528,790 528,790 528,790
Notes: Robust standard errors in parentheses, clustered at the district level. *Signicant at 10%; ** signicant at 5%; *** signicant
at 1%. All regressions include district xed eects, cohort xed eects, gender xed eects and regional trends. The regressions
are based on individuals younger than 16 years old where child labor takes value equal to one if the child works. Data source: Last
available National Censuses. 52
CHAPTER 2
INTERGENERATIONAL TRANSMISSION OF SHOCKS
IN EARLY LIFE: EVIDENCE FROM THE TANZANIA
GREAT FLOOD OF 1993
2.1 Introduction
There is growing concern among economists that severe economic conditions early in life
may have persistent eects. A number of recent papers have documented the long-lasting
eects of such shocks on adult height (Alderman, 2006), on adult socio-economic outcomes
(Almond et al., 2005), on adult self-reported health, on child development (Currie, 2009)
and on educational outcomes (Maluccio et al., 2009). Surprisingly, there is little attention
in the literature to the possibility of the intergenerational transmission of the eects of
shocks in early life despite an increasing number of papers showing a signicant relationship
between parental and child health and education (Ahlburg, 1998; Anger, 2010; Currie et
al., 2003; Currie et al., 2007; Coneus et al., 2011).
The Tanzania Flood of 1993 oers a context in which to study how shocks in the early
life of one generation may be transmitted to the next generation of individuals. This paper
uses household survey data to estimate the short, medium and long term eects on health
of exposure in childhood to the ood. Furthermore, now more than twenty years later,
it is also possible to determine the intergenerational transmission of the eects of that
ood. The 1993 ood was the most costly natural disaster in the history of Tanzania. The
damage to infrastructure was extensive generating a recovery cost of USD 6,000,000. Crops
and livestock throughout the entire region were also aected. Moreover, disruptions and
pollution disturbed the water system and generated outbreaks of diseases aecting 201,543
people.
The identication strategy for this study exploits exogenous variation in the disaster's
geographic extent and in the children's birth cohorts who were exposed to the disaster.
This paper combines many nationally representative cross-sectional household surveys,
three collected in 1996, 2005 and 2010 (3, 12 and 17 years after the ood, respectively) and
one collected in 1991 (2 years prior to the ood). This is unique as few studies of natural
disasters have data bracketing a ooding event. The children exposed to the ood have
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lower height-for-age Z-scores three years after the shock, with bigger eects on girls than
boys. Those women who were less than 18 years old during the ood experience negative
impacts due to the natural disaster as long as 17 years after the ood. The children of the
women aected before adulthood have lower height-for-age Z-scores while the children of
the men aected before adulthood experienced no eect on their height-for-age Z-scores.
In this context, this paper contributes to the literature of shocks in early childhood in
four respects. First, this work provides one of the few micro estimates in the literature of
the intergenerational transmission of shocks in early childhood showing how the dierent
impacts observed by gender in the short term may lead to mothers who transmit the
natural disaster's health eects to their children and fathers that do not. Second, due to
the unique data that includes ood and household GPS information, this paper is able
to accurately measure the intensity of the impact using each household's proximity to the
disaster area. This approach makes a dierence in the estimated eects of ood, with
households within 100 kilometers (km) of the ood having 32% larger long term impacts
than if imprecise regional measures of exposure are used. Third, the separate estimation of
the impact of ood exposure for boys and girls nds that both suer negative consequences,
but girls experience a greater eect in the short term, a result in line with the existing
literature.1 Finally, the triple dierence estimation used in this paper provides a more
accurate counterfactual comparison than the traditional approach of the literature. The
pre-ood data allows the empirical strategy to control for baseline health levels for a given
age group and exploits variation in which birth cohorts of children were still growing when
they were exposed to the ood.
Specically, the results of this paper show that ood-exposed children have 0.4 standard
deviations lower height-for-age Z-scores 3 years after the disaster. By splitting the sample
by gender, the estimates indicate that girls have 0.6 standard deviations lower height-for-
age Z-scores, while boys have 0.2 standard deviations lower height-for-age Z-scores. The
results also indicate that those girls aected before their 6th year have 2.6 centimeters
lower height 12 years after the shock. The eect on girls is persistent even 17 years after
the ood. This eect decreases as the age of the aected individual at the time of the
ood increases. This work nds that those women younger than 18 years at the time of
the natural disaster have 1.2 centimeters less height 17 years after the shock. There is no
evidence of impact for women aected after age 18. Finally, the results suggest that the
children of women aected by the shock when they were less than 18 years old have 0.3
1Neumayer and Plumper (2007) investigate gender dierences in disaster-related mortality, and conclude
that women generally are more likely to die than men, or at a much younger age, especially when they
come from a disadvantaged socioeconomic background. By one estimate, women represented 70 percent of
casualties after the 2004 Indian Ocean in Aceh, Indonesia (World Bank, 2011).
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standard deviations lower height-for-age Z-scores, while the children of men aected by the
shock when they were less than 18 years old are not aected by the natural disaster. All
these results decrease as the distance to the ooded area increases.
In addition to literature on the eects of natural disasters on socio-economic outcomes,
the results of this work are also related to previous research on gender bias during early
childhood. Much of the literature nds evidence favoring boys over girls (see Neumayer
and Plumper, 2007 for evidence that disasters lower the life expectancy of women more
than that of men, that the stronger the disaster, the stronger this eect on the gender gap
in life expectancy, and that the higher a woman's socio-economic status, the weaker this
eect on the gender gap in life expectancy). In line with the literature, this paper nds
dierential gender impacts of the ood on children's health: Girls were more aected than
boys.
There are several plausible mechanisms by which the Tanzania ood may inuence the
intergenerational transmission of health eects, but this paper is able to conrm that one
of the main mechanism for the transmission of the impact is the poor performance of
aected females in the marriage market. In addition, exposed women have less years of
education. In particular, this work nds that those women exposed to the ood have poorer
educational performance but also less educated husbands than women unaected by the
ood; presumably they marry men who would not have married otherwise.
The remainder of the paper is organized as follows. Section 2.2 provides an overview of
the Tanzania Flood and sketches the spatial and temporal event data for the disaster. This
section also describes the survey data used in the analysis and explains the key variables.
Section 2.3 describes the empirical identication strategy, and Section 2.4 presents the
main results as along with robustness tests. Section 2.5 concludes.
2.2 Data
2.2.1 Tanzania Flood of 1993
In February of 1993 there was unusually heavy rainfall with ash oods aecting more
than 10 villages in the Lushoto and Korogwe districts of the Tanga region of northeastern
Tanzania, as shown in Figure 2.1. The ood aected 201,543 people (UNISDR, 2011),
killing 54 individuals, seriously injuring 30 persons, and destroying the homes of 2,900
people.
The damage to infrastructure was extensive, with 270 km of roads and 13 bridges washed
away. Two schools and ve health facilities were destroyed. The crops and livestock of the
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entire region were also aected (UNDHA, 1993a). These damages in infrastructure directly
aected health. In particular, disruptions and pollution crippled the water system causing
outbreaks of diseases including, for example, pneumonia and cholera.
The Tanzanian government estimated the damages at USD 3,510,000, making the ood of
1993 the most costly natural disaster in the history of Tanzania. However, other estimates
of the damages, from the Tanga regional development director, calculated the rehabilitation
costs in over than USD 6,000,000 (UNDHA, 1993b).
2.2.2 Demographic and Health Survey and geospatial disaster information
The Tanzania Demographic and Health Survey (DHS) data from 1991, 1996, 2005 and
2010 are used. These data come from nationally representative cross-sectional surveys that
provide information on anthropomorphic measures and the nutritional status of mothers
in the age range 15-45 and children under ve. The 1991, 1996 and 2010 Tanzania DHS
collected detailed information on the date of birth, GPS location, and height of 5,341, 4,458
and 7,320 children born before, during, or after the ood, respectively. The DHS data from
1991 and 2005 includes information on the date of birth, GPS location, and height of 5,143
and 10,005 adult women, respectively.
In particular, the anthropomorphic measure for children younger than ve years is ex-
pressed in terms of Z-scores (standard deviation scores) for height, a system widely recog-
nized as the best for analysis and presentation of anthropometric data for young children
(World Health Organization, 1995). Adult height is measured in centimeters, which is
considered the best measure for adult height.
The DHS indicates the current region of residence of each respondent as well as the GPS
location of each village and information about the amount of time that each individual had
lived there. The fact that the data indicates the migration history of respondents at the
time of the ood is important in order to deal with the eects of a potential bias due to
selective migration, since the region of current residence may not capture the exposure of
households that moved after the ood.
2.2.3 Preliminary Observations
Table 2.1 summarizes the child characteristics, the adult characteristics and the household
characteristics of aected and non-aected regions using 1991 as the baseline year. Aected
and non-aected regions are balanced pre-event. In particular, the anthropometric Z-scores
of the children are presented along with other variables that measure whether the parents
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are alive or absent. The table shows no dierence in any of the characteristics between
exposed and non-exposed children at the baseline year.
In the middle part of Table 2.1, adult characteristics such as childhood place of residence,
height, marital status, religion and years of education are presented. The adult character-
istics between the aected and non-aected regions show no statistical dierences.
Finally, this table analyzes the dierences in household characteristics between aected
and non-aected regions. In the remainder of Table 2.1, variables that measure land
ownership, gender of the head of household and distance to the closest health center are
checked. As shown in the table, household characteristics are not statistically dierent
across regions.
2.3 Empirical identication strategy
The empirical identication strategy for this study relies on a comparison of the mean
dierences in Z-scores and height of individuals from dierent age groups in aected and
non-aected regions, as surveyed before and after the natural disaster. This strategy
compares by age the height of impacted individuals who were in their childhood when the
natural disaster occurred to the height of individuals in non-aected regions, as surveyed
before and after the disaster.
In particular, this paper uses a triple dierence estimator (DDD) to observe three sets
of potential control groups for the analysis of data from before and after the ood. These
control groups were comprised of individuals unaected by the ood either because they
were in non-aected regions, because they were part of a non-aected cohort or because
they were surveyed before the disaster occurred. For instance, in order to estimate the
short- term eects, the control group is composed of children 3-4 years old in non-aected
regions (Control 1), children 0-2 years old in 1996 (who were not yet born in 1993) in
aected regions (Control 2) and children 0-2 years old in non-aected regions (Control 3).
This paper uses all three control groups for the DDD method. The implicit assumption is
that dierences across age groups and in average height would be similar across aected and
non-aected regions in the absence of the natural disaster. Based on the triple dierence
regressions, the estimation is the following:
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Heighticjt =1(Y oung Cohortc AffectedRegionj DHS wavet)
+3(Y oung Cohortc AffectedRegionj)
+2(Y oung Cohortc DHS wavet)
+4(AffectedRegionj DHS wavet)
+c + j +DHS wavet +Xicjt + icjt
(2.1)
where Heighticjt is the height for an individual i from the cohort c in region j surveyed
in period t, Y oung CohortiAffectedRegionj DHS wavet is a binary variable indicating
whether an individual was in his young cohort (born before the ood) in a region aected
by the ood and surveyed after it occurred, c are cohort xed eect, j are district xed
eects, DHS wavet is an indicator for being in the last DHS wave of data, Xijt are individ-
ual control variables that include gender xed eects, and ijt is a random, idiosyncratic
error term. The coecient  measures the ood impact on individuals' outcomes for those
who were alive at the time of the ood in the aected regions.
To address the possibility that the aected region variables could be measured with
error or might be correlated with village or household level characteristics that inuence
child health, this paper uses the GPS information on village location in relation to the
aected areas. Children's exposure is measured by taking advantage of information on the
distance from the ooded area of each surveyed village. To classify the intensity of ood
exposure, the distance to the nearest ood location (even if it crosses region boundaries)
is used. This empirical strategy starts by identifying villages within 100 km of the ood
location, then those within 200 km and 300 km. These distances are used to dene binary
variables to indicate households living close to the ooded areas. Then the following
modied Equation 1 replacing AffectedRegionj with dummy variables that indicates
the distance to the ooded areas (0   100km to the floodj , 100   200km to the floodj and
200  300km to the floodj) is estimated:
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Heighticjt =
+ 1(Y oung Cohorti DHS wavet  0  100km to floodj)
+ 2(Y oung Cohorti DHS wavet  100  200km to floodj)
+ 3(Y oung Cohorti DHS wavet  200  300km to floodj)
+ 4(Y oung Cohorti DHS wavet)
+ 5(Y oung Cohorti  0  100km to floodj)
+ 6(Y oung Cohorti  100  200km to floodj)
+ 7(Y oung Cohorti  200  300km to floodj)
+ 8(DHS wavet  0  100km to floodj)
+ 9(DHS wavet  100  200km to floodj)
+ 10(DHS wavet  200  300km to floodj)
+ c + j +DHS wavet +Xicjt + icjt
(2.2)
Because the same identication strategies for the estimation of all direct eects of the
ood are used for each year's data set, this analysis is able to detect the transmission of
eects of the ood. It can thus compare the outcomes of those children whose parents were
aected in their childhood (before their 18th birthday) with children whose parents were
not aected in their childhood. The following regression can then be estimated:
Heighticjt =1(Parent Y oung Cohorti AffectedRegionj DHS 2010t)
+2(Parent Y oung Cohorti AffectedRegionj)
+3(Parent Y oung Cohorti DHS 2010t)
+4(AffectedRegionj DHS 2010t)
+c + j +DHS 2010t +Xicjt + icjt
(2.3)
where Heighticjt is the height for an individual i from the cohort c in region j surveyed
in period t, Parent Y oung Cohorti  AffectedRegionj  DHS 2010t is a binary variable
indicating whether a child has a parent less than 35 years old (those who are less than
35 years old in 2010 were less than 18 years old at the time of the shock) in a region
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aected by the ood and surveyed in the DHS 2010, c are parent cohort xed eect, j
are district xed eects, DHS 2010t is an indicator for being surveyed in the DHS 2010,
Xijt are individual control variables that include child gender xed eects and child age
xed eects, and ijt is a random, idiosyncratic error term. The coecient 1 measures
the ood intergenerational transmission of the impact on individuals' height for those with
parents aected.
2.4 Empirical results
2.4.1 Short term eects, three years after the shock
Table 2.2 presents baseline regressions for the DDD estimation of the ood impact on
height-for-age Z-scores in 1996 (three years after the ood). This table focuses on children
in the age range 3-4. Since the DHS has only anthropometric information for children
0-4 years old, the only children alive in 1993 are the children 3-4 years old in 1996 (those
children were 0-1 year at the time of the shock). The rst column of Table 2.2 shows the
eect of the ood on the height-for-age Z-scores when exposure to the natural disaster is
dened based on the region of residence of each child (as outlined in equation 1.) Column 2
show the eect of the ood on height-for-age Z-scores when exposure to the ood is dened
based on the geographic location of the household and its proximity to the ood aected
area (as outlined in equation 2).
In Table 2.2, column 1 suggests that the ood reduced the height-for-age Z-scores of
those children in age group 0-1 in the aected region by 0.443 standard deviations in
comparison with non-aected children.2 In column 2 equation 2 is estimated, coding as
exposed those children within 100 km, 200 km and 300 km of the aected areas of the
ood. As shown in Table 2.2, the size of the eect increases with greater proximity to
areas aected by the ood. In particular, column 2 shows that the ood reduces height-
for-age Z-scores of those children within 100 km of the aected areas in the age group 0-1
by 0.462 standard deviations in comparison with non-aected children3. For those children
that live farther than 100km from the ooded areas, there is no statistical evidence of any
impact of the ood.
Columns 3 to 6 explore the heterogeneity of the ood impact by gender. In line with
the literature on shocks that generally nds a large negative bias against girls, this study
2Similar results have been found on Weight Z-Score, Weight for Height-standard Z-Score and Body Mass
Index-standard Z-Score.
3We consider \non-aected children" as those who live more than 300km from a ooded area.
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of the shock of a natural disaster shows all children negatively impacted by exposure, but
the eect on girls in particular is greater. Specically, females alive at the time of the
shock in the aected region have 0.622 lower height-for-age Z-scores after the shock, while
males alive at the time of the shock in the aected region have 0.230 lower height-for-age
Z-scores after the shock. Moreover, in a fully interacted model, the equality of coecients
for females and males is rejected. Finally, when proximity to the natural disaster is used to
code exposure, the same bias against girls is found. The ood reduces the height-for-age
Z-scores of those males 0-1 year at the time of the shock by 0.652 standard deviations, and
it reduces the height-for-age Z-scores for boys in the same age group by 0.249. However, the
last coecients is not statistically signicant. Similarly, no statistically signicant eects
for girls or boys within 101 to 300 km of the aected areas of the ood are found.
2.4.2 Medium term eects, 12 years after the shock
Table 2.3 analyzes the eect of the ood by age at the time of the ood twelve years later.
This table presents the baseline regressions for the DDD estimation of the ood impact
on height in 2005, focusing on females in the age ranges of 15-18, 19-22, 23-26, 27-30 and
31-34 years. This means that at the time of the disaster in 1993, these females were in
the age groups 3-6, 7-10, 11-14, 15-18 and 19-22 years respectively. The youngest group
of focus comprises those that are 15 years old, since DHS only has height information for
females 15-45 years old. Each row in column 1 corresponds to dierent control groups.
As seen in column 1, those females in the ood region aected by the shock when they
were 3-6 years old are 2.594 centimeters shorter after the shock than females in the control
groups. The results for age groups 7-10, 11-14, 15-18 and 19-22 are presented, respectively.
The intensity of the eect on females who were older at the time of the shock decreases
with age; the eect is non-signicant for those females aected after their 18th year. These
results are in line with the existing literature on shocks in early childhood that show that
the younger the child is when aected, the greater the long-term eect.
Since in column 1 it is shown that the most greatly aected group comprises those
individuals younger than 18 years, analysis of the 2005 data for this group (columns 2
and 3) yields estimates of the the medium term impact on aected individuals who were
15-30 in 2005. In order to be consistent with previous tables, the estimates of Equations
1 and 2 for those younger than 18 years at the time of the shock are presented. Column 2
shows that the ood reduced the height of females in the aected region in the age group
3-18 by 0.966 centimeters. In column 3, Equation 2 is estimated, coding as exposed those
individuals within 100, 200 and 300 km of the aected areas by the ood, respectively.
From this analysis it is possible to see the size of the eect increasing with proximity to
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areas aected by the ood. In particular, column 3 shows that the ood reduced the height
of females within 100 km of the aected areas in the age group 3-18 by 1.408 centimeters in
comparison with non-aected females. The shock is shown to reduce the height of females
within 101 to 200 km by 0.911 centimeters while there is no evidence of impact for those
living between 201 to 300 km of the ooded areas.
2.4.3 Long term eects, 17 years after the shock
In order to estimate the long term impact of the ood, Table 2.4 estimates the eect using
the baseline regressions for the ood impact on height in 2010 (seventeen years after the
ood). This table focuses on females in the age ranges of 17-19, 20-23, 24-27, 28-31, 32-35
and 36-39 years in 2010. In other words, at the time of the disaster in 1993, these females
were in the age groups 0-2, 3-6, 7-10, 11-14, 15-18 and 19-22 years respectively.
As shown in column 1, those females aected by the ood when they were 0-2 years
old are 3.599 centimeters shorter after the shock than females in the control groups. The
results for the age groups 7-10, 11-14, 15-18 and 19-22 are presented. As for the medium
term eects, the intensity of the impact decreases on the age at the time of the shock of
aected females. Again, he eect is non-signicant for those females aected after their
18th year.
To be consistent with previous tables, the estimates of equations 1 and 2 for the age
group younger than 18 years at the time of the ood are presented. Column 2 shows
that the ood reduced the height of females in the aected region in the age group 0-18 by
1.182 centimeters. In column 3, equation 2 is estimated coding as exposed those individuals
within 100, 200 and 300 km of the aected areas of the ood. The results suggest that the
ood reduces the height of females within 100 km of the aected areas in the age group 0-
18 by 1.565 centimeters in comparison with non-aected females. This eect is decreasing
with the age at the time of the ood of the aected women.
2.4.4 Intergenerational transmission of the shock eects, 17 years after the shock
Table 2.5 presents the intergenerational transmission of the shock eects. On this table
the estimation of Equation 3 is presented using as the aected cohort those children with
parents younger than 18 years at the time of the shock.
When coding as aected the children of exposed mothers (Column 1 and 2), this study
nds negative and signicant eects of the ood on the children of exposed mothers. In
particular, in column 1 it is found that children of mothers exposed in the aected regions
62
have shorter height-for-age Z-scores by 0.301 standard deviations. When using proximity
to the natural disaster to code exposure, this analysis reveals that mothers aected close
to the shock zone transmit a negative eect to their children in height-for-age Z-scores. In
particular, columns 2 shows that those children whose mothers were aected before their
18 years old and who were within 100 and 200 km of the ood areas have a reduction in
their height-for-age Z-scores by 0.364 and 0.228 standard deviations respectively.
The analogous analysis for fathers in Columns 3 and 4 reveals no statistically signicant
evidence of intergenerational transmission of health eects. None of the eects reported
are statistically signicant, even when the aected/non-aected region approach and the
GPS information are used.
2.4.5 Discussion: Mechanisms of intergenerational impacts of the ood
Understanding the mechanisms by which a ood can aect the health of individuals of the
subsequent generation is crucial for the creation of adequate policies to protect possible
victims and their children from the negative eects of natural disasters. This study nds
that those mothers aected by the ood transmit health eects to their children, while
fathers aected by the ood do not. Thus, in line with the nding that short-term negative
eects are statistically greater for females than for males, mothers are the channels by which
this eect is transmitted to the next generation. The factor that aects females more than
males may also be the mechanism aecting the welfare of the next generation of individuals.
This study also nds that those girls who experienced the shock of the ood exhibit
poor performance in the marriage market many years later. They nd poorer partners
with smaller family incomes, and these factors can aect their children's nutrition and
health. Two measures help to understand the performance in the marriage market of the
deprived females. First, this approach estimates the eect of the ood on the age of the
husbands of aected females. It then estimates the eect of the ood on the years of
education of the husbands of the aected females. The expectation is that those females
were not successful in the marriage market who found older, less educated and thus less
economically productive partners.
From Table 2.6 it is possible to conclude that those girls aected before 18 years have
partners 3.109 years older and with 0.521 fewer years of education (the average years of
education in the 2010 DHS for Tanzania is 3.791 years) in comparison with the partners of
unaected women. The results using GPS information are stronger than the results using
the aected region denition. Thus, the results suggest that the ood aects the marriage
market performance of exposed females. Given the evidence found in the literature that
poor anthropometric characteristics may negatively aect the matching process in the
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marriage market (Behrman et al. 1994; Chiappori et al. ,2012), the greater impact of the
ood on women is likely to also aect the marriage performance of aected women more
than men. Naturally, those children born in poorer households with less educated head of
household have a greater probability of having a poor performance in their anthropometric
measures. The marriage market is therefore suggested as an important impact mechanism
for aecting the children of mothers shocked in childhood by the ood.
2.4.6 Robustness checks
Two concerns regarding the validity of the estimation are related to the possibility that the
ood induced selective fertility and mortality. The impact on fertility and mortality are
thus examined. The results show no evidence that aected individuals had dierent fertility
patterns or mortality due to the ood. This study also uses information about household
mortality to examine whether exposure to a natural disaster resulted in systematically
increased mortality. This overall lack of relationship between ood exposure and fertility
and mortality strengthen the main results reported in the paper.
Finally, false experiments are performed by simulating false dates for the ood in the
aected region and simulating false location for the ood (This false experiments include
experiments coding as exposed cohorts before conception). After several simulations in the
aected region and also simulating false locations of the ood for the aected cohorts, this
study nds no eects on these false experiments that strengthen our identication strategy
or the reliability of the results.
Migration
One additional diculty in measuring the impact of natural disasters is that migration may
occur as a consequence of the shock. Even though the ood can be seen as an exogenous
event, it can generate non-random migration. Unfortunately, if the ood aects migration
in a non-random way, the results may be biased. Therefore, there is a need to determine
whether the results hold even taking this fact into account.
To account for migration, any individual who moved during the ood is assigned to the
aected region. For all non-movers, exposure is coded correctly, but there is no information
about the residence of movers prior to moving to the region where they were surveyed.
For any migrants who moved within the aected region, the exposure is coded correctly.
Likewise, for any migrant who moved within non-aected regions the coding is also correct.
However, the residence at the time of the ood is misclassied for those migrants who moved
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from an aected region to a non-aected region.
The DHS provides data for the number of years that individuals lived in the village
where they were surveyed, and it is available in the DHS for 1991, 1996 and 2005. With
this information it is possible to generate a re-classied migrants as if they were exposed by
the ood. In particular, this approach re-classies those individuals who migrated during
1993 (the year of the ood) as residents of the aected regions. So, in this re-classication,
all migrants who moved during the ood are assigned to the aected region (if currently in
a non-aected region, then the assumption is that they came from an aected region and
they are coded as exposed). Essentially, this means re-coding all individuals who migrated
during the year of the ood and currently live in a non-aected region as having been
exposed to the ood in an aected region. If the negative impact still holds, the eects are
robust to selective migration. Similarly, this paper nds performs a similar exercise for the
proximity regressions, assigning movers who moved during the ood to close areas in the
rst 100 km to the ood.
As shown in Tables 2.7 - 2.8, all results hold. There is a negative and statistically
signicant eect three years after the shock for exposed children, and as in Table 2.7, the
eect is greater for females. Negative eects are also found twelve years after the shock for
females aected before age 18.
The results for the short and medium run eects are robust to the assumption that all of
the movers came from aected areas. This assumption also assigns individuals who were
not exposed to aected areas. For this reason, the eects seen in the Tables 2.7 and 2.8 are
smaller than those in the original tables. Unfortunately, there are no information available
about migration in the DHS survey of 2010 to perform the a similar exercise.
2.5 Conclusion
The objective of this paper is to estimate the short, medium and long term eects of
exposure to the Tanzania Flood of 1993 on the health of individuals aected in their
youth, and to estimate the intergenerational transmission of those eects.
This is the rst paper able to measure the intergenerational transmission of health ef-
fects using the exposure of parents to a particular shock as the exposure classication.
The nationally representative Demographic Health Survey data was used to assess the
short, medium and long term impacts of the 1993 Tanzania ood on the health status of
individuals.
Using a triple dierence estimator, this study nds that children aected by the natural
disaster were shorter than unaected children three years after the shock. This eect is
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greater for girls than for boys. In addition, this paper shows that for those females aected
before their 18th birthday it is possible to still nd negative eects seventeen years after
the shock. This work also nds that females aected by the shock in their youth transmit
the eect to their children, while males aected by the shock do not. Finally, this paper
shows that the short, medium and long term eects are robust to a possible migration bias.
A critical reason for studying the impact of early childhood shocks on individuals' height
is that this health indicator correlates with future health, education, and economic out-
comes. Based on other estimates of the links between height-for-age Z-scores, schooling
attainment, wages and education, it is possible to speculate on the long-term consequences
that follow from the negative health impact of the Tanzania Flood, one of which seems to
be poor performance in the marriage market. This study argues that an aected woman's
performance in the marriage market is one of the main mechanisms that collaborate to
transmit health eects to the next generation.
The results in this paper contribute to a growing literature that estimates the health
impacts of natural disasters. The ndings in this paper also help to improve understanding
of a broader issue, the long-term growth and development consequences of natural disas-
ters. Since malnutrition during a person's early years has been linked to worse economic
outcomes in adulthood, the long-term legacy of shocks during childhood is a problem that
needs to be addressed with various health, educational and economic intervention. The
data and analysis presented in this work provide ample justication for such policies.
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Figure 2.1: Tanzania Regional Map Indicating Flooded region
Notes: The main ood occurred in Tanga region, which is painted in red on the map.
Map source: CC-BY-SA.
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Table 2.1: Summary statistics and Balance
Mean Mean Dierence
Variable Aected region Control Region P-value
Child Characteristics
Height Z-Scores 0.460 -0.114 0.567
Weight Z-Scores 0.817 0.663 0.877
Weight for Height-standard Z-Scores 1.562 1.771 0.832
Body Mass Index-standard Z-Scores 1.729 1.935 0.834
Mother Alive 0.974 0.975 0.893
Father Alive 0.959 0.946 0.111
Absents Parents 0.321 0.331 0.513
Adults Characteristics
Childhood Place (Large City) 0.000 0.029 0.128
Childhood Place (Small Town) 0.078 0.102 0.489
Childhood Place (Countryside) 0.922 0.869 0.171
Height (cm) 155.845 154.691 0.997
Marital Status (no married) 0.051 0.077 0.402
Marital Status (living together) 0.615 0.550 0.255
Marital Status (widowed) 0.090 0.092 0.943
Marital Status (divorced) 0.205 0.143 0.127
Religion (No Muslim) 0.282 0.219 0.187
Years of Education 2.089 1.980 0.287
Household Characteristics
Land Ownership 0.994 0.982 0.277
Female Head of Household 0.481 0.497 0.533
Distance to the closest Health center 20.608 21.586 0.101
Notes: Child characteristics are based on children between 0 and 4 years old from the child recode. Adults char-
acteristics and household characteristics are based on the household members recode. Data source: 1991 Tanzania
Demographic and Health Survey data.
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Table 2.3: Medium term Impacts of Flood Exposure on Women's Height
Dependent Variable: Height (centimeters) (1) (2) (3)
During Shock Age 3-6*Aected Region*DHS 2005 -2.594***
(0.332)
During Shock Age 7-10*Aected Region*DHS 2005 -1.611***
(0.116)
During Shock Age 11-14*Aected Region*DHS 2005 -1.073***
(0.091)
During Shock Age 15-18*Aected Region*DHS 2005 -0.451***
(0.065)
During Shock Age 19-22*Aected Region*DHS 2005 0.027
(0.070)
During Shock Age 3-18*Aected Region*DHS 2005 -0.966***
(0.099)
During Shock Age 3-18*0-100 km*DHS 2005 -1.408***
(0.504)
During Shock Age 3-18*100-200 km*DHS 2005 -0.911**
(0.428)
During Shock Age 3-18*200-300 km*DHS 2005 0.023
(0.282)
During Shock Age 3-18*Aected Region Yes Yes No
Aected Region*DHS 2005 Yes Yes No
During Shock Age 3-18*Distance indicators No No Yes
Distance indicators*DHS 2005 No No Yes
During Shock Age 3-18*DHS 2005 Yes Yes Yes
Observations 15,148 15,148 15,148
Notes: Robust standard errors in parentheses, clustered at the region level. *Signicant at 10%; ** signicant at
5%; *** signicant at 1%. All regressions include region xed eects, age xed eects, gender and survey year xed
eects. The regressions are based on the 15,148 women between 15 and 45 years old. The height variable is measured
in centimeters. Data source: 1991 and 2005 Tanzania Demographic and Health Survey data.
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Table 2.4: Long term Impacts of Flood Exposure on Women's Height
Dependent Variable: Height (centimeters) (1) (2) (3)
During Shock Age 0-2*Aected Region*DHS 2010 -3.599***
(0.319)
During Shock Age 3-6*Aected Region*DHS 2010 -2.508***
(0.309)
During Shock Age 7-10*Aected Region*DHS 2010 -1.663***
(0.305)
During Shock Age 11-14*Aected Region*DHS 2010 -0.970***
(0.242)
During Shock Age 15-18*Aected Region*DHS 2010 -0.437*
(0.226)
During Shock Age 19-22*Aected Region*DHS 2010 -0.052
(0.201)
During Shock Age 0-18*Aected Region*DHS 2010 -1.182***
(0.262)
During Shock Age 0-18*0-100 km*DHS 2010 -1.565***
(0.529)
During Shock Age 0-18*100-200 km*DHS 2010 -1.228**
(0.458)
During Shock Age 0-18*200-300 km*DHS 2010 -0.696
(0.577)
During Shock Age 0-18*Aected Region Yes Yes No
Aected Region*DHS 2010 Yes Yes No
During Shock Age 0-18*Distance indicators No No Yes
Distance indicators*DHS 2010 No No Yes
During Shock Age 0-18*DHS 2010 Yes Yes Yes
Observations 15,049 15,049 15,049
Notes: Robust standard errors in parentheses, clustered at the region level. *Signicant at 10%; ** signicant at
5%; *** signicant at 1%. All regressions include region xed eects, age xed eects, gender and survey year xed
eects. The regressions are based on the 15,049 women between 15 and 45 years old. The height variable is measured
in centimeters. Data source: 1991 and 2010 Tanzania Demographic and Health Survey data.
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Table 2.8: Medium term Impacts of Flood Exposure on Women's Height, based on
potential residence at the time of the ood
Dependent Variable: Height (centimeters) (1) (2) (3)
During Shock Age 3-6*Aected Region*DHS 2005 -0.983***
(0.265)
During Shock Age 7-10*Aected Region*DHS 2005 -0.747***
(0.215)
During Shock Age 11-14*Aected Region*DHS 2005 -0.637*
(0.318)
During Shock Age 15-18*Aected Region*DHS 2005 -0.404*
(0.233)
During Shock Age 19-22*Aected Region*DHS 2005 -0.354
(0.212)
During Shock Age 3-18*Aected Region*DHS 2005 -0.702***
-0.214
During Shock Age 3-18*0-100 km*DHS 2005 -1.349***
(0.465)
During Shock Age 3-18*100-200 km*DHS 2005 -0.466
(0.293)
During Shock Age 3-18*200-300 km*DHS 2005 -0.231
(0.297)
During Shock Age 3-18*Aected Region Yes Yes No
Aected Region*DHS 2005 Yes Yes No
During Shock Age 3-18*Distance indicators No No Yes
Distance indicators*DHS 2005 No No Yes
During Shock Age 3-18*DHS 2005 Yes Yes Yes
Observations 15,148 15,148 15,148
Notes: Robust standard errors in parentheses, clustered at the region level. *Signicant at 10%; ** signicant at
5%; *** signicant at 1%. All regressions include region xed eects, age xed eects, gender and survey year xed
eects. The regressions are based on the 15,148 women between 15 and 45 years old. The height variable is measured
in centimeters. The individual's place of residence is based on the potential region of residence at the time of the
ood, whereby any individual who moved during the ood is reassigned to an aected region regardless of residence at
the time of the survey (i.e. for every individual who moved during the ood and is currently residing in a non-aected
region, exposure status is reassigned as if the individual had been living in an aected region during the ood). This
is a conservative approach to dealing with the bias due to endogenous migration as some individuals who moved
during the ood and currently reside in a non-aected region might have been living in another non-aected region
during the ood. Data source: 1991 and 2005 Tanzania Demographic and Health Survey data.
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CHAPTER 3
MEDIUM-TERM HEALTH IMPACTS OF SHOCKS
EXPERIENCED IN UTERO AND AFTER BIRTH:
EVIDENCE FROM DETAILED GEOGRAPHIC
INFORMATION ON WAR EXPOSURE
3.1 Introduction
Environmental and economic shocks experienced in utero and during early childhood have
been shown to be especially harmful not only because they may aect health outcomes
in the short-term but also because they may inuence health and economic outcomes in
adulthood (see reviews by Strauss and Thomas, 2008; Currie and Vogl, 2013).1 However,
determining the causal eects of early life shocks on subsequent outcomes in a convincing
manner has proven to be challenging, due partly to limitations in available data and suitable
identication strategies.
The possibility that early-life growth disturbances might aect future health outcomes is
particularly relevant in sub-Saharan Africa, where armed conict has occurred with greater
frequency than in other regions of the world. Nearly 70 percent of all countries in sub-
Saharan Africa have experienced an armed conict since 1980 (Raleigh et al., 2010). In
many cases, particularly in Africa, the conicts are started or exacerbated by territorial
disputes.2 Despite the casualties and destruction caused by conicts and the potential for
such shocks to aect various indicators of well-being, the impacts of conict on health have
only recently started to receive attention in the literature.3 One challenge in this literature
1Research exploring the impact of shocks has focused on dierent adverse events including malnutrition
(Case et al., 2005; Maluccio et al., 2009; Maccini and Yang, 2009; Almond and Mazumder, 2011), famine
(Dercon and Porter, 2010), conict (Bundervoet et al., 2009; Akresh et al., 2011; Akresh et al., 2012;
Mansour and Rees, 2012; Akbulut-Yuksel, 2014; Valente, forthcoming), diseases and epidemics (Almond,
2006; Bleakley, 2007; Bhalotra and Venkataramani, 2012), natural disasters and extreme weather events
(Currie and Rossin-Slater, 2013; Aguero, 2014; Caruso, 2014a, 2014b; Rosales-Rueda, 2014), and pollution
(Currie et al., 2009; Nilsson, 2009).
2The U.S. Central Intelligence Agency World Factbook (2014) lists over 187 regions in the world that
have disputes over international land or sea boundaries or have resource or resident disagreements; 50 of
these are in Africa.
3Seminal work on conict focuses on understanding the causes and spread of war and its role in reducing
growth (Collier and Hoeer, 1998; Miguel et al., 2004; Do and Iyer, 2010; Harari and La Ferrara, 2013;
Burke et al., 2014). The magnitude of conicts long-term negative economic consequences are debated in
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has been that most datasets are imprecise in identifying which households were exposed to
conicts.
This paper studies the eects of the 1998-2000 Eritrea-Ethiopia conict on the future
health status of children by using survey data from both countries that contain information
on the geographic location of households and taking advantage of variation in the timing
of the conict with respect to when children were born. By using geographic location data,
the paper identies the eect of conict exposure in a more accurate way than previous
work. Moreover, the paper compares the health eects of in utero versus early childhood
exposure to the conict, thereby assessing the relative importance of growth disturbances
during these two critical periods. Lastly, the paper explores several plausible mechanisms
by which the conict may have aected child health, focusing in particular on the role of
health-seeking behaviors such as antenatal care.
The 1998-2000 Eritrea-Ethiopia conict was based on a territorial border dispute between
the two countries.4 When Eritrea, formerly a province of Ethiopia, became independent
in 1993 following a long guerrilla conict, sections of the new border were never properly
demarcated. Full-edged ghting began in May 1998 over these areas, which have been
described as desolate and inconsequential. More than 300,000 troops were dug in and
deadlocked on both sides of the border. Most of the conict's casualties were soldiers, since
most civilians left the conict-torn areas, leaving the armies to ght over empty villages.
The availability of Demographic and Health Survey (DHS) data that were collected in
both countries in the years following the conict (Eritrea in 2002; Ethiopia in 2000 and
2005) provides a unique opportunity to study the eects of this conict on subsequent
health outcomes of children. The primary outcome that we study is the height-for-age
Z-score, which is likely to capture lingering eects of any growth disturbances that may
have occurred earlier in life during the conict.
This paper makes two main contributions to the literature on the impacts of shocks
on children's welfare and goes signicantly beyond previous research that examined the
eects of the Eritrea-Ethiopia conict but only on child outcomes in Eritrea (Akresh et
the literature (see Davis and Weinstein (2002) for Japan; Brakman et al. (2004) for Germany; Bellows
and Miguel (2009) for Sierra Leone). A growing literature examines the relationship between conict and
education outcomes (Akresh and de Walque, 2008; Miguel and Roland, 2011; Shemyakina, 2011). Research
focusing only on soldiers nds negative impacts on their earnings, and soldiers exposed to more violence
face a harder time reintegrating into civilian society (Angrist, 1990; Blattman and Annan, 2010).
4In the past 35 years, border wars were fought in Africa (Djibouti and Eritrea in 2008, Mauritania and
Senegal starting in 1989, Burkina Faso and Mali in 1985, Ethiopia and Somalia in 1982), Asia (Cambodia
and Thailand in 2008, India and Bangladesh in 2001, Israel and Lebanon starting in 2000, India and
Pakistan in 1999, Thailand and Laos starting in 1987, India and China in 1987, Pakistan and India starting
in 1984, Iran and Iraq starting in 1980, Vietnam and China starting in 1979), and South America (Ecuador
and Peru in 1995, Ecuador and Peru in 1981).
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al., 2012). First, to identify the impact of conict-related shocks, the paper addresses the
traditional diculty in correctly classifying a child's exposure. Whereas a typical approach
is to compare large regions that did and did not experience ghting, in this paper we use
global positioning system (GPS) data on the distance between survey villages and conict
sites to accurately measure the likely exposure that a child had to the conict. With this
approach, in Eritrea, 24% of households within 100 kilometers (km) of the conict sites had
been previously coded as being in non-war regions, while in Ethiopia, 28% of households
within 100-300 km of the conict sites had been previously coded as being in non-war
regions and 2.2% of households that were more than 300 km from the conict sites were
coded as being in a war region. We show that this approach makes a dierence in the
estimated eects of conict, with households living closer to conict sites having 87-188%
larger impacts than if imprecise regional measures of exposure are used.5
Second, because of the fortuitous timing of the household survey data collection, we are
able to explore whether eects of the conict dier between children who were in utero at
the time of the conict and those who were in early childhood. Much of this research on
the fetal origins hypothesis follows seminal work by Barker (1995). There are a number
of reasons why in utero exposure may be harmful to child health. These include poorer
maternal nutrition due to disruptions in food supply or income shocks, a lack of adequate
antenatal care, and the possibility that the conict reduced the number of deliveries in
the presence of trained providers. Our paper examines the relative importance of exposure
during these two critical time periods, something that has not been done in previous
research on the eects of armed conicts. Contrary to other recent papers that report no
later-life eects of shocks experienced in utero (Endara et al., 2009; Maccini and Yang,
2009; Fletcher, 2014), a notable result in our paper is that Ethiopian and Eritrean children
exposed to the war in utero do have signicantly lower heights.
Our results indicate that several years after the conict ended, there was a signicant
5The contributions highlighted here are also the key dierences between our paper and the most closely
related prior work by Akresh et al. (2012) who explore the impact of this same war on health outcomes but
only for children in Eritrea. In particular, being able to accurately locate a child's household due to GPS
data ensures that we correctly measure the child's war exposure and address the shortcomings in previous
research. While that previous research found that correcting for a household's war-time migration across
regions led to estimated negative impacts that are 13% larger, we nd that taking into account how far
the household is from the conict leads to estimated negative impacts of war exposure that approximately
double in Eritrea and triple in Ethiopia in magnitude. Due to data limitations, it is unfortunately not
possible to correct for both the war-time migration across regions and the GPS distance to the conict,
but it is clear that the GPS correction is signicantly larger. In addition, the current paper measures the
welfare impacts for both sides involved in the conict, thereby providing a more comprehensive and robust
understanding of how winning or losing such conicts aects children's well-being. We are able to examine
whether conict-exposed individuals in Ethiopia, which won the conict, suer smaller health consequences
than conict-exposed individuals in Eritrea.
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reduction in the height-for-age Z-scores of children who resided in conict-aected regions
at the time of the conict. This eect increased with the number of months of conict
exposure; in Eritrea, each month of exposure (in utero and after birth) resulted in a
signicant reduction in the Z-score of -0.039 standard deviations while the corresponding
eect in Ethiopia was -0.017 standard deviations. Based on the average number of months
that children in the DHS samples for the two countries were exposed to the conict, these
estimates translate into overall reductions of 0.73 and 0.26 standard deviations, respectively.
Classifying conict exposure based on GPS distance from conict sites reveals that children
nearest to the conict sites suered even larger eects (1.37 and 0.76 standard deviations in
Eritrea and Ethiopia, respectively), and the negative impact diminished as distance from
the conict increased. These results highlight the importance of measuring exposure to
shocks with detailed geographic information rather than region-based indicators. Lastly,
results indicate that each month of exposure in utero or after birth negatively impacts
child height-for-age Z-scores and the magnitude of the eects during both critical periods
are comparable in size.
The remainder of the paper is organized as follows. Section 3.2 provides an overview
of the history of the Eritrea-Ethiopia conict and sketches the spatial and temporal event
data for the most recent war. Section 3.3 describes the survey data used in the analysis
and explains the key variables. Section 3.4 describes the empirical identication strategy
and Section 3.5 presents the main results as well as robustness tests. Section 3.6 concludes.
3.2 Background on the Eritrean-Ethiopian conict
The Eritrean-Ethiopian conict lasted two years starting in 1998 and stemmed from a
border dispute. The two countries had a long history of conict with each other prior to
1998. The post-World War II period saw the former Italian colony of Eritrea become a
region of Ethiopia, but growing dissatisfaction with Ethiopian occupation led to a prolonged
period of armed struggle by the Eritrean People's Liberation Front (EPLF) against the
Ethiopian Marxist government. The conict against Ethiopia ended in 1991 and coincided
with the end of the Ethiopian civil war in which a coalition of rebel groups, the Ethiopian
People's Revolutionary Democratic Front (EPRDF), overthrew the government and came
to power under the leadership of Meles Zenawi. Following a referendum in Eritrea in May
1993, the sovereign nation of Eritrea was formed with the EPLF leader Isaias Afwerki as
President (EPLF was later renamed the People's Front for Democracy and Justice). The
immediate period following Eritrean independence saw generally friendly relations between
Eritrea and Ethiopia, in part because the governments had fought together against the
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previous Marxist government that formerly controlled Ethiopia.
At the time of Eritrean independence, both countries claimed sovereignty over three
border areas: Badme, Tsorona-Zalambessa, and Bure (see Figure 3.1 for a regional map
of Eritrea and Ethiopia highlighting these three areas). Continued disputes in these three
border areas combined with larger conicts over trade and other economic issues proved to
be a major obstacle to maintaining peace between the two countries.6 In May 1998, ghting
broke out between Eritrean and Ethiopian soldiers and security police in the Badme area,
which was under Ethiopian control.7 Within a week, the Ethiopian Parliament declared
war on Eritrea. Both countries devoted substantial resources to growing their armies,
augmenting their military equipment, and fortifying their borders, which included digging
extensive trenches. After the initial period of intense conict, heavy ghting resumed
in February 1999 as Ethiopia succeeded, despite high casualties, in retaking the border
town of Badme, but the battles around Tsorona-Zalambessa were not conclusive. Both
sides initially rejected eorts by regional groups to mediate an end to the conict, but
eventually a Cessation of Hostilities agreement was brokered on June 18, 2000 and a 25-
kilometer-wide demilitarized Temporary Security Zone was established along the 1,000
kilometer Eritrea-Ethiopia border and patrolled by United Nations peacekeeping forces. A
nal comprehensive peace agreement was signed December 12, 2000.8
The exact timing and location of the conict plays a key role in our empirical strategy for
identifying the eects of the conict on child health. The conict intensity varied across
areas within Ethiopia and Eritrea. Distance from the conict sites was an important
determinant of conict intensity. Areas far from the border zones experienced little or
no ghting; whereas the most intense clashes took place in the border areas near Badme,
Tsorona-Zalambessa, and Bure. While exact gures of the number of casualties due to the
conict are dicult to ascertain, most estimates of the total number of fatalities, mainly
among soldiers, range from 70,000-100,000 (Human Rights Watch, 2003).
Even though most casualties were soldiers, thousands of civilians were displaced and this
represented a central mechanism through which conict may have aected child health.
Displaced households suered large reductions in food production, asset losses, and had
limited access to clean water or health infrastructure. By late 1998, estimates suggest ap-
6Eritrea's independence in 1993 meant Ethiopia became a landlocked country, with implications for its
trade and economic organization.
7The Eritrea-Ethiopia Claims Commission (2005) states, \The areas initially invaded by Eritrean
forceswere all either within undisputed Ethiopian territory or within territory that was peacefully ad-
ministered by Ethiopia and that later would be on the Ethiopian side of the line to which Ethiopian armed
forces were obligated to withdraw in 2000 under the Cease-Fire Agreement of June 18, 2000."
8The empirical analysis in this paper treats this as the date the war ended, but our results are consistent
if we treat June 2000, the date when the Cessation of Hostilities agreement was brokered, as the time when
the war ended.
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proximately 250,000 Eritreans had been internally displaced and another 45,000 Ethiopian
citizens of Eritrean origin were deported from Ethiopia (Global IDP Project, 2004a). The
Eritrean government and other observers estimate that during the conict nearly 1.1 mil-
lion Eritreans were internally displaced, although this number declined substantially by
the conict's end (Global IDP Project, 2004a). The Ethiopian government estimates that
by December 1998, 315,000 Ethiopians were internally displaced, with the two regions that
border Eritrea (Tigray and Afar) having the greatest number of internally displaced per-
sons (IDPs). The United Nations Ethiopia Country Team estimates that by May 2000
the number of IDPs in Ethiopia had risen to 360,000 (Global IDP Project, 2004b).9 By
most accounts, households directly aected by the conict and those that were internally
displaced tended to be located closest to the areas of the clashes.
3.3 Data
3.3.1 Demographic and Health Surveys in Eritrea (2002) and Ethiopia (2000 and
2005)
Our analyses make use of three dierent waves of data from the DHS conducted in Eritrea
and Ethiopia. The DHS are nationally representative cross-sectional surveys that gather
information on demographic topics such as fertility, child mortality, health service utiliza-
tion, and nutritional status of mothers and young children. The 2002 Eritrea DHS collected
detailed information on the date of birth, GPS location, and height of 5,139 children un-
der ve born before, during, or after the conict with Ethiopia. The 2000 Ethiopia DHS
collects similar information for 9,619 children under ve, all of whom were born before or
during the Eritrea conict. To have a control group of children in the conict regions of
Ethiopia who were not exposed to conict, we also use the 2005 Ethiopia DHS that has
information for 4,217 children under ve. Our analyses rely on DHS data for information
on health outcomes (described below) as well as other individual and household character-
istics of children including geographical information on their residence at the time of the
survey and in some cases during the time of the conict.
9This level of conict-induced displacement is typical, as currently 27.1 million individuals worldwide
are IDPs due to conict. For example, during the last decade in Africa, the number of IDPs due to conict
reached 3.5 million in Angola, 633,000 in Burundi, 200,000 in Central African Republic, 180,000 in Chad,
150,000 in Congo-Brazzaville, 750,000 in Cte d'Ivoire, 3 million in Democratic Republic of Congo, 359,000
in Guinea, 600,000 in Kenya, 450,000 in Liberia, 550,000 in Nigeria, 600,000 in Rwanda, 70,000 in Senegal,
1.3 million in Sierra Leone, 1.5 million in Somalia, 6.1 million in Sudan, 1.7 million in Uganda, and 1 million
in Zimbabwe (IDMC, 2010).
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3.3.2 Health outcomes
Since child height (conditional on age and gender) can be sensitive to past growth failures
due to malnutrition or illness, it is generally accepted as a good way to capture long-term
health disturbances (World Health Organization, 1995). Using anthropometric information
contained in the DHS for children 0-60 months of age, we compute Z-scores for each child's
height-for-age, where the Z-score is dened as the dierence between the child's height
and the mean height of the same-aged international reference population, divided by the
standard deviation of the reference population. Our analysis also examines other informa-
tion on health behaviors and health outcomes to better understand mechanisms by which
conict may inuence height-for-age Z-scores. In particular, we examine data on hospital
deliveries, maternal postpartum amenorrhea, self-reported birth size, and vaccinations.
3.3.3 Measures of conict exposure
We construct three measures of a child's exposure to the Eritrea-Ethiopia conict. The
rst is a continuous measure of the number of months of conict exposure and is dened
at the region-birth cohort level. This allows us to exploit variation across two dimensions:
spatial (variation across regions in exposure to the conict) and temporal (within a given
region, the timing of whether a child was in utero or early childhood during the conict
period). Specically, we use information on a child's region of residence and date of birth
to calculate the number of months the child was exposed to the conict in utero (dened
as 9 months prior to the date of birth) and the number of months a child was exposed to
the conict after birth. The exposure measure is set to zero months if the child resided in a
region that was not aected by the conict. As we discussed in Section 3.2, the ghting was
centered on the border regions near the three towns of Badme, Tsorona-Zalambessa, and
Bure, so in Eritrea, the conict regions are dened as Gash Barka, Debub, and Debubawi
Keyih Bahri, while in Ethiopia they are Tigray and Afar.
Since conict-induced displacement was an important mechanism through which the
conict impacted child health, we also incorporate direct measures of the number of IDPs
in each region to proxy for the conict's intensity. The IDP data come from the United
Nations Oce for the Coordination of Humanitarian Aairs (UN OCHA) in Eritrea and
Ethiopia. All of the IDPs are clustered in the three conict regions in Eritrea and the two
conict regions in Ethiopia (Global IDP Project 2004a, b). Specically we use the number
of IDPs in each region as a proportion of the region's pre-war population as a measure of
conict intensity.
Lastly, to address potential measurement error that would wrongly misclassify children
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as conict-exposed because they live in a region that experienced ghting even if their
village was far from the conict sites or would wrongly misclassify children as non-conict
exposed because they live in a non-war region but were actually close to the conict sites,
we construct a third measure of conict exposure using GPS information on the residence
location of children at the time of the survey. Specically, we calculate the distance from
each survey village to the nearest conict site and classify exposure based on dierent
distance bands of 0-100 kilometers (km), 100-200 km, 200-300 km, and greater than 300
km. In creating this measure, we use distance to the nearest conict site even if it crosses
region boundaries. The distance bands are then interacted with the number of months of
exposure to create the third conict exposure measure.
3.4 Empirical Identication Strategy
Our approach to determining the eect of the Eritrean-Ethiopian conict on child health
relies on an examination of how height-for-age Z-scores of children vary as a function of
dierent durations of exposure to the conict and variation in the degree to which their area
of residence was aected by the conict. We begin by estimating the following regression
that includes region and birth cohort xed eects:
HAZijt =j + t + 1(TotalMonthsWar Exposure)ijt
+2Xij + jt + "ijt
(3.1)
where HAZijt is the height-for-age Z-score for child i in region j who was born in period t, j
are region xed eects, t are year of birth cohort xed eects, TotalMonthsWar Exposureijt
measures the total number of months a child was alive or in utero during the conict period
and living in a war region (it equals zero for children in regions unaected by the war),
and "ijt is a random, idiosyncratic error term.
10 The regression also includes household
and individual level controls (Xij), such as child gender and household head schooling.
In addition, to address the potential for dierential time trends in height-for-age Z-scores
across regions, the regressions include region-specic time trends (jt). The coecient 1
measures the eect of an additional month of exposure to the conict on children's height-
for-age Z-scores. It is important to emphasize that identication of the eect of the conict
in this model comes from variation in the duration of exposure (conditional on adjustments
for age cohort eects) rather than a simple comparison of conict and non-conict regions.
10Using pre-war poverty data for all regions in Eritrea and Ethiopia, we also conrm that the results in
the paper are similar when non-war regions are limited to those with similar pre-war poverty levels as the
war regions.
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We also examine if the conict eect diers based on how long a child was exposed while
in utero or after birth. We estimate the following regression building on Equation (1):
HAZijt =j + t + 1(MonthsWar Exposure InUtero)ijt
+2(MonthsWar ExposureAfter Birth)ijt + 3Xij + jt + "icjt
(3.2)
where MonthsWar Exposure InUteroijt measures the number of months a child was in
utero during the war period and living in a war region andMonthsWar ExposureAfter Birthijt
measures the number of months a child was alive during the war and living in a war region.
Residence in a conict region alone does not capture the size of the disruptions caused
by the conict. To address this, we consider an alternative denition of conict exposure
that measures the number of IDPs in each region as a proportion of the region's pre-war
population. As war-induced displacement was likely an important channel through which
conict impacted child health, this measure will proxy for the war's intensity in that re-
gion. The war intensity variable is interacted with total months of war exposure described
above. Identication comes from variation across regions with dierent numbers of IDPs
as well as variation in the duration of exposure to the conict. We estimate the following
regression incorporating IDP data:
HAZijt =j + t + 1(Intensity of TotalMonthsWar Exposure)ijt
+2Xij + jt + "ijt
(3.3)
We also estimate modied versions of Equation (3) in which the eect of the conict
varies based on the number of months of exposure in utero and after birth.
In dening conict exposure based on living in one of the three regions in Eritrea or two
regions in Ethiopia where ghting took place - or even on the basis of the number of IDPs
in each region - there is a potential for wrongly classifying villages far from the conict
sites as conict exposed (and vice versa in the case of villages in non-conict regions that
are nonetheless close to conict sites). This can result in biased estimates as some regions
extend many kilometers from the conict sites (see Afar in Ethiopia and Debubawi Keyih
Bahri in Eritrea). Likewise, we might be excluding households close to conict sites that
may have been aected by conict but were actually in a non-conict dened region (see
Semenawi Keyih Bahri in Eritrea). To more accurately measure a child's conict exposure,
our empirical strategy takes advantage of information on the distance of each survey village
to the conict sites. We test for the eect of each additional month of exposure to the
conict in three dierent distance categories (with a fourth category, greater than 300 km,
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serving as the reference group):
HAZijt =j + t + 1(TotalMonthsWar Exposure0  100km)ijt
+2(TotalMonthsWar Exposure100  200km)ijt
+3(TotalMonthsWar Exposure200  300km)ijt
+4Xij + jt + "icjt
(3.4)
where Total Months War Exposure 0-100 km measures the number of months a child was
alive or in utero during the war period and living within 0-100km from the conict sites,
with the other exposure variables dened similarly but for dierent distances from the
conict sites.11
Our empirical analysis includes several extensions to the regressions above as well as
robustness checks. Since the main regression results are based on a child's residence at the
time of the survey, there is a possibility of bias due to children having resided elsewhere
during the time of the conict. We take two approaches to addressing this issue. First,
all children from households that reported having lived elsewhere during the war are re-
classied as residing in a war region.12 This is a conservative approach to dealing with
the bias due to endogenous migration as some of these children who moved during the war
and currently reside in a non-war region might have been living in another non-war region
during the war. Second, in Eritrea, we use actual information contained in the survey on
the region of residence at the time of the conict and examine what happens to the results
when this re-classication is done.
3.5 Results
3.5.1 Dierence-in-Dierences Estimation (War region and Geospatial location)
Table 3.1 provides summary statistics for the children in the analysis broken down by
whether the child lived close to the conict sites (0-100 km) or farther away (more than
100 km). In Ethiopia and Eritrea, children residing close to conict sites have lower Z-scores
than those residing farther away, although the dierence is statistically signicant only in
11In robustness checks discussed in Section 3.5.2 and Table 3.4, we also examine a child's war exposure
that is based on a continuous distance measure and results are consistent.
12This involves reclassifying 10.9% and 5.9% of children in Eritrea and Ethiopia, respectively. In Eritrea
(but not Ethiopia), we have data on the region of residence at the time of the conict, and we can tell that
only 3.9% of children should have been reclassied instead of 10.9%.
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Ethiopia. Children near the conict sites are also worse o in other ways, as indicated
by the lower schooling attainment of household heads. Since the regions aected by the
conict tended to be worse o even prior to the conict, it is important to not simply
compare the height-for-age Z-scores of children in war-aected and war-unaected regions
when seeking to determine the impact of the conict.
The results from our initial attempt to examine the impact of the conict after including
region xed eects and controlling for age, individual, and household characteristics are
reported in Table 3.2. Specically, we present the results of estimating Equations (1)
and (2) for Ethiopia (panel A) and Eritrea (panel B).13 In the rst two columns, each
child's residence is classied according to the region of residence at the time of the DHS.
In columns 3 and 4, the child's residence is classied as the potential region of residence
at the time of the conict, whereby any child who moved during the conict is assigned to
the conict regions. In columns 5 and 6, using data that is only available for Eritrea, the
child's residence is classied as their known region of residence at the time of the conict
to accurately capture conict exposure. Column 1 of Table 3.2 shows that for children
exposed to the conict in utero or after birth, each additional month of exposure results in
a signicant reduction of height-for-age Z-scores (by 0.017 in Ethiopia and 0.039 in Eritrea).
When children's exposure is classied on the basis of their potential residence at the time
of the conict (column 3), the eects on height-for-age Z-scores remain similar (-0.014 in
Ethiopia and -0.040 in Eritrea) and continue to be statistically signicant. This indicates
our results are robust to an extremely conservative adjustment for migration during the
conict. In Eritrea, the results based on classifying residence as the region in which the
child resided at the time of the conict (column 5) also shows a similar eect size to that
obtained when residence is classied as the region of residence at the time of the survey.
Another important result in Table 3.2 pertains to the distinct eect of exposure to the
conict in utero as opposed to early childhood. In both Ethiopia and Eritrea, we nd that
the eects of exposure after birth are larger (reductions in the Z-scores of 0.019 and 0.047
for each month of exposure in Ethiopia and Eritrea, respectively), although we cannot
reject equality in Eritrea. In Ethiopia, there is no statistically signicant eect on height-
for-age Z-scores of in utero exposure to conict. In contrast, in Eritrea, in utero exposure
does result in a signicant reduction of Z-scores, by 0.034 for each month of exposure.
13In all of the regressions, we include child age xed eects, region xed eects, region-specic time trends,
DHS round xed eects (for Ethiopia), child gender, and the following household characteristics: household
head's gender, age, years of schooling, mother's height, number of members in the household, number of
children in the household under age 5, and whether the household resides in an urban area. Correlation
among the error terms of children living in the same local environment and experiencing similar health
shocks might bias the OLS standard errors downward, so in all regressions we cluster the standard errors
by enumeration area, which corresponds to local clusters of villages (Moulton, 1986).
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In summary, Table 3.2 (focusing on exposure at the region level) provides evidence that
exposure to the conict after birth is associated with signicant negative eects on height-
for-age Z scores. To interpret these results more easily, it is helpful to consider as an
example the eects of children exposed to the conict for 9 months in utero or 9 months
after birth: a child in Eritrea exposed to the conict for 9 months in utero experienced a
reduction of 0.306 in their height-for-age Z-score whereas a child exposed to the conict
for 9 months after birth experienced a reduction of 0.423 in their Z-score.
An alternative measure of conict exposure that we discussed in Section 3.3 is the in-
tensity of the conict in the child's region of residence. Estimating a model based on this
measure (Equation 3) produces results in Table 3.3 that are largely consistent with those
reported in Table 3.2. It is in the regions most aected by the conict - as measured by the
proportion of IDPs - that children experience the largest setbacks to their growth. Each
month of exposure reduces the height-for-age Z-scores of children, and this impact increases
as a function of conict intensity in the region. The main results, based on residence at
the time of the survey, indicate that an increase of 1 percent in the IDP proportion of
a region's population reduces the height-for-age Z-scores by 0.0017 and 0.0015 for each
month of total exposure (in utero and after birth) in Ethiopia and Eritrea, respectively.14
The eects are similar when residence is based on classifying all children who migrated as
having been in conict regions. When the eects of the conict are allowed to dier as a
function of exposure in utero and after birth (column 2), we nd statistically signicant
eects of exposure after birth in both countries.15
Using geospatial data on the proximity of each household to conict sites enables a
more careful examination of the ways in which the conict aected children's subsequent
health outcomes. Estimating regression models that use distance from conict sites as the
measure of conict exposure (Equation 4), we nd that an additional month of exposure
in utero or after birth signicantly reduces the height-for-age Z-scores of children nearest
to conict sites by 0.049 in Ethiopia and by 0.073 in Eritrea (Table 3.4, columns 1 and 2).
Table 3.4 shows exposure at any distance within 300 km of the conict sites (relative to the
14These impacts are large and meaningful, especially when considering the number of IDPs in each
country. In Ethiopia and Eritrea, respectively, 8.6% and 21.1 % of the population in the war regions were
IDPs. In Ethiopia, the mean number of months of exposure for children in the DHS sample was 15.5; in
Eritrea it was 18.8. Thus, a child who experienced the conict for the mean number of months in a region
experiencing the average war intensity would have 0.23 or 0.60 standard deviations lower height-for-age
Z-scores in Ethiopia and Eritrea, respectively.
15It is also possible that households experiencing negative shocks sent out children to live with other
relatives (see Akresh (2009) for evidence on the link between negative shocks and child fostering). Although
we do not have any information in the survey about this, we are unable to tell which direction, if any, this
might bias the results depending on whether the most healthy or the least healthy child was fostered, but
most of the child fostering literature nds the rate of fostering for children under ve to be extremely low.
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reference group of children living more than 300 km from the conict sites) is negatively
related to worse child outcomes. Importantly, it also shows that within 300 km of the
conict sites, there is a decreasing gradient in the eect of conict as a function of distance
from the conict sites. The gradient is most noticeable and statistically signicant in
Ethiopia, a much larger country than Eritrea and one in which distance from the conict
sites is likely to have been more relevant for whether economic and nutritional conditions
- and consequently children's health status - would be aected. As the p-values at the
bottom of Table 3.4 show, in Ethiopia the eect of being within 100 km of the conict
sites is signicantly larger than the eect of being 200-300 km away. This is not the
case in Eritrea, as the eect of conict does not appear to decline as much with distance
from conict sites. These results showcase the importance of geographical data for further
illuminating the eects of conicts and accurately measuring the size of these eects.16
In Table 3.5, we separately examine the eect of exposure in utero and after birth and
results indicate that in the areas closest to conict sites, both types of exposure result in
negative impacts on height-for-age Z-scores. This is true in both Ethiopia and Eritrea.
Eects of in utero and after birth exposure are roughly comparable in magnitude. While
the estimates for Ethiopia indicate smaller negative impacts in utero compared to after
birth, we cannot reject equality of the coecients with p-values of 0.23, 0.29, and 0.81
for the three distance ranges, respectively. While the evidence so far suggests there are
large and signicant reductions in height-for-age Z-scores as a result of conict exposure,
an important public policy and intra-household resource allocation question is whether
boys and girls are aected dierently. With this in mind, the results in Table 3.6 are
noteworthy because they show remarkably similar negative impacts of conict exposure in
both countries for boys as well as girls. The magnitude of the impact is slightly larger
for girls in Ethiopia and slightly larger for boys in Eritrea - but in neither case are the
dierences statistically signicant. The distance gradient within 300 km for conict impacts
is noticeable for boys in both countries and girls in Ethiopia. As part of our analyses, we
pool the Ethiopia and Eritrea data to directly compare the eects of the conict in the two
countries. Specically, we estimate a fully interacted model, including interactions of all
variables with an indicator variable for Eritrea. The results in Table 3.8 indicate children
16It is important to note the migration data in the DHS surveys is only at the region level. Therefore, to
estimate the regressions in columns 3 and 4 based on potential residence at the time of the war, we make
the strong assumption that any child who moved during the war is reassigned to the closest distance to the
conict sites (0-100 km). In Ethiopia and Eritrea, respectively, 56% and 13% of the children within 0-100
km were reclassied as being close to the war sites for columns 3 and 4 compared with columns 1 and 2.
Results in Eritrea based on potential residence are comparable as only a limited number of children were
reclassied. In Ethiopia, negative impacts close to the conict sites are still statistically signicant but are
much smaller, since a larger fraction of children were reclassied.
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from conict regions in Eritrea - the war-instigating and losing country - have signicantly
lower height-for-age Z-scores than children from conict regions in Ethiopia (in column 1,
there is an additional impact of -0.023 in Eritrea for each month of combined exposure
in utero and after birth). This result holds even when we classify residency based on
potential residency during the conict (column 3). When we examine the separate eects
of exposure in utero versus after birth (column 2), we again nd that children in Eritrea
are more aected by the conict. They have signicantly lower height-for-age Z-scores as
a result of in utero exposure (0.043 lower for each additional month of conict exposure)
and due to early childhood exposure (0.028 lower for each additional month of conict
exposure).
A similar pattern emerges in the pooled data when we examine the eects of the conict
based on distance from conict sites. Table 3.9 shows that for each category of distance
from conict sites, children in Eritrea have more negative eects on height-for-age Z-scores
than children in Ethiopia. When we classify residency based on residence at the time of the
survey (column 1), the eect of each month of conict exposure (in utero or after birth) on
the height-for-age Z-scores of children closest to the conict sites in Eritrea is 0.024 larger
than in Ethiopia. Among children at intermediate or farther distances from conict sites,
the eects on children in Eritrea are also signicantly more negative.17
3.5.2 Robustness Checks
To determine whether the conict eects are robust to a range of possibilities that could
generate biased results, in Tables 3.11- 3.14 we present additional analyses. In Table 3.11,
we include mother xed eects in the regression, which allows us to control for charac-
teristics of the child's mother that do not vary across siblings. Identication is driven by
comparing children of the same mother, each of whom experienced dierent months of
conict exposure. In the sample of households with multiple children under ve, results
indicate signicant negative eects for each month of conict exposure for both Ethiopia
and Eritrea for most distances from the conict, although the distance gradient is not as
evident as before. Also in contrast to the Table 3.4 results, the magnitude of the eects
is smaller in both countries. In Table 3.12, we dene households' proximity to the con-
ict sites on the basis of the relative distance within the sample rather than the absolute
17In Table 3.10 using pooled data, we highlight the dierent impacts for children exposed in utero and
after birth. Children exposed in utero experience larger negative impacts on height-for-age Z-scores in
Eritrean than Ethiopia for each of the proximity categories, but the eects of exposure after birth are
similar in the two countries.
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distance.18 The results indicate that relative proximity - or closeness -results in larger
reductions in the height-for-age Z-score. The eect of relative proximity is found for in
utero exposure as well as exposure after birth.
Another concern regarding the validity of the main estimates relates to the possibility
that fertility and mortality patterns may be dierent in areas that were exposed to the
conict with varying severity. We examine fertility patterns by comparing characteristics of
women based on whether they had children during the conict and their region of residence
(Table 3.13). There is relatively little evidence that women who had a child during the
conict and reside in a war region are systematically dierent than other women. In
Ethiopia, there is evidence that taller women were more likely to have children in war
regions during the conict (an eect that would only bias our main results downward). In
Eritrea, there is evidence of an eect on the age of women who had children, but this eect
is likely to be too minor to inuence the main results.
In Table 3.14, we use DHS data on child mortality to examine whether conict exposure
resulted in increased mortality. The results generally do not indicate a signicant eect
on mortality, with the exception that in Ethiopia children exposed after birth and residing
less than 100 km from conict sites had signicantly higher mortality. This overall lack
of relationship between conict exposure and mortality should be understood in the con-
text of an environment with already extremely high under-5 mortality (pre-war under-5
mortality rates in Ethiopia and Eritrea are 162 and 105 deaths per 1000 live births, re-
spectively). As deceased children were likely those with poorer health (and possibly from
poorer households), such a result would only lead to a downward bias in the main results
reported in the paper.19
3.5.3 Conict Impact Mechanisms
Identifying specic reasons for the negative eects of conicts on child health can be use-
ful for interpreting the main results of this paper and also developing better policies to
prevent such negative eects in the future. Displacement of households might be a key
channel by which children's health status is aected, but the absence of detailed survey
18Specically, proximity is dened for each country as the maximum distance from the conict site minus
the household's actual distance to the conict site.
19An additional factor that could bias our results is also worth discussing briey. Mismeasurement of a
child's age would likely make our estimates lower bounds of the true impact, as parents would probably
underreport the age of short children making their malnutrition seem less severe than it is. Since the
household roster collects the exact birth date of all children in a household under ve and misreporting on
one child would be more dicult as it would inuence the birth dates of the household's other children,
such mismeasurement may be somewhat less likely.
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information on the movement of households limits our ability to examine this issue thor-
oughly. Many families were internally displaced in both countries due to the conict. Due
to this, households could have been directly worse o through loss of harvests and assets,
disruption of businesses, and reduced access to medicines, health clinics, and clean water.
While the DHS data lack detailed information on some of these reasons, in Table 3.7 we
assess the impacts of the conict on relevant health-seeking behaviors and outcomes that
are observed in the DHS data.20
One possibility is that access to health services was reduced during the conict. We
examine the conict's eects on the likelihood that children were delivered at a formal
health clinic or hospital where the risk of infections is lower and availability of personnel
capable of managing complications is higher. The results (column 1) indicate that in
Ethiopia the conict had a negative impact on the likelihood of such delivery taking place.
In Eritrea, the impacts are negative but not statistically signicant (though in regressions
based on war regions, the impacts are of the same magnitude and statistically signicant).
A second possibility is that prenatal factors (including nutrition and maternal stress) were
aected by the conict and led to reduced birth weight. Mothers were asked during the
survey about the size of the child at birth, and we examine an indicator reporting if the
child was "very small." In Ethiopia, children who were in households close to conict
sites are more likely to have been very small at birth. In Eritrea, however, we nd no
evidence of an eect on birth size. This is puzzling in light of the generally larger impacts
of the conict on height-for-age Z-scores in Eritrea. Additional evidence that mothers
exposed to the conict might have had worse nutrition or suered more stress can be seen
in column 3, which shows that conict exposure led to greater durations of postpartum
amenorrhea in mothers; these impacts were found in both Eritrea and Ethiopia (Aguirre,
1996). Finally, there is suggestive evidence that in Eritrea, children exposed to the conict
receive fewer vaccinations in their rst year of life. Overall, disruptions in the health care
environment (reductions in deliveries at clinics and reduced vaccination coverage) combined
with greater maternal stressors (higher amenorrhea and increased low birth weight children)
are potential mechanisms that could explain negative health eects observed for conict-
exposed children.
20There could also be eects on children who were not displaced by the conict but resided in areas with
many displaced individuals (Baez, 2011).
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3.6 Conclusion
This paper quanties the medium-term health consequences of the Eritrea-Ethiopia conict
using a variety of dierent methods and conict exposure measures. The ndings show
large negative eects of the conict on the height-for-age Z-scores of children exposed to
the conict. Since children and households in a number of other resource-limited settings
have been exposed to conicts that feature internal displacement and disruptions of health
services, this paper has relevance for the larger literature on the medium- and long-term
eects of armed conicts.
The empirical methods used in this paper overcome several challenges to identifying the
causal eect of conict exposure. We compare children exposed to the conict for varying
durations and at dierent stages (in utero and after birth). We also classify children's
conict exposure on the basis of the geographical coordinates of their residence. We nd
the eects of in utero and after birth exposure to the conict are similar in magnitude, and
children in the losing country (Eritrea) suer more than the winning country (Ethiopia).
Focusing on the estimates of children's conict exposure based on GPS distance from con-
ict sites indicates that the Eritrea-Ethiopia conict led to overall reductions of 0.76 to
1.37 standard deviations (approximately 1 to 2 inches) in Ethiopia and Eritrea, respec-
tively, and the negative impact was reduced as distance from the conict sites increased.
These eect sizes of conict exposure dened in terms of distance from conict sites are
approximately three- and two-fold higher (for Ethiopia and Eritrea, respectively) than the
eect sizes of conict exposure dened on the basis of politically dened subnational units,
which is the standard approach taken in much of the literature examining impacts of con-
ict. As height-for-age Z-scores are considered important health indicators of children and
are associated with health and employment outcomes later in life, the results in this paper
oer insight on the likely long-term eects of the conict. Using available estimates of the
eect of early childhood height on school attainment and wages, the results in this paper
suggest that the conict may lead to reductions in adult wages of about 8% and 14% in
Ethiopia and Eritrea, respectively.21
Understanding the detailed mechanisms by which conicts aect the health of children
remains a challenge that future research will need to address. By examining several health-
seeking behaviors as well as indicators of maternal stressors, we found suggestive evidence
that conict exposed children were less likely to be delivered at hospitals and received
fewer vaccinations in their rst year of life, overall indicators that health service delivery
21We base this rough back-of-the-envelope calculation on the estimate that a one standard deviation
reduction in height correlates with 0.678 fewer grades completed in Zimbabwe (Alderman et al., 2006) and
that the return to an extra year of school in Ethiopia is 15% (Krishnan et al., 1998).
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might have been compromised in the conict areas. Furthermore, conict exposure led
to children being more likely to be very small at birth and mothers being more likely
to experience amenorrhea. These disruptions in health care delivery and added maternal
stressors are potential mechanisms that could explain the negative height eects observed
for conict exposed children. From a policy standpoint, these results suggest households
may not have adequate coping mechanisms for conicts that disrupt economic conditions
and lead to displacement, even if the number of civilian casualties is limited. The results
also reinforce the importance of considering medium- and longer-term health consequences
when designing and implementing post-conict services.
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Figure 3.1: Eritrea and Ethiopia Regional Map Indicating Conict Sites
Notes: The main ghting between Eritrea and Ethiopia occurred around the areas of Badme, Tsorona-Zalambessa, and Bure, which
are noted on the map. Map source: Constructed by Rafael Garduo-Rivera in ArcGIS.
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Table 3.10: Impacts in Ethiopia and Eritrea of War Exposure on Children's
Height-for-age Z-score, Using GPS Location
Dependent Variable: HAZ Based on residence at Based on potential residence
the time of the survey at the time of the war
(1) (2)
Months of War Exposure In -0.037** -0.073***
Utero (0-100 km) * Eritrea (0.017) (0.011)
Months of War Exposure In -0.043* -0.060***
In Utero (100-200 km) * Eritrea (0.024) (0.012)
Months of War Exposure In -0.042*** -0.054**
Utero (200-300 km) * Eritrea (0.012) (0.024)
Months of War Exposure After -0.017 -0.077***
Birth (0-100 km) * Eritrea (0.013) (0.005)
Months of War Exposure After -0.019 -0.034***
Birth (100-200 km) * Eritrea (0.016) (0.008)
Months of War Exposure After -0.039*** -0.035***
Birth (200-300 km) * Eritrea (0.009) (0.005)
Months of War Exposure -0.036** -0.009
In Utero (0-100 km) (0.017) (0.011)
Months of War Exposure -0.017 -0.001
In Utero (100-200 km) (0.024) (0.012)
Months of War Exposure -0.016 0.003
In Utero (200-300 km) (0.012) (0.024)
Months of War Exposure -0.055*** -0.011**
After Birth (0-100 km) (0.013) (0.005)
Months of War Exposure -0.040** -0.014
After Birth (100-200 km) (0.016) (0.008)
Months of War Exposure -0.014 -0.004
After Birth (200-300 km) (0.009) (0.005)
Observations 18,975 18,975
Notes: Robust standard errors in parentheses, clustered at the enumeration level. * signicant at 10%, ** signicant
at 5%, and *** signicant at 1%. All specications include child age xed eects, region xed eects, region-specic
time trends, DHS round xed eects (for Ethiopia), child gender, and controls for household characteristics. In
addition, interactions of all of these variables with Eritrea were also included in the regressions. In column 1, the
child's place of residence is based on the region of residence at the time of the survey. In column 2, the child's place
of residence is based on the potential residence at the time of the war, whereby any child who moved during the war
is reassigned to the closest distance (0-100 km) regardless of residence at the time of the survey. "Months of war
exposure in utero" measures the number of months a child was in utero during the war period and living within 0-100
km, 100-200 km, 200-300 km, or more than 300 km respectively from the conict sites. "Months of war exposure after
birth" measures the number of months a child was alive during the war period and living within 0-100 km, 100-200
km, 200-300 km, or more than 300 km respectively from the conict sites. The reference group is children living more
than 300 km from the conict sites. Data source: 2002 Eritrea and 2000 and 2005 Ethiopia Demographic and Health
Surveys.
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Table 3.14: Impacts of War Exposure on Child Mortality, Using GPS Location
Dependent Variable: Child Mortality Based on residence at
the time of the survey
Ethiopia Eritrea
(1) (2)
Total Months of War Exposure (0-100 km) 0.002* 0.006
(0.001) (0.004)
Total Months of War Exposure (100-200 km) -0.001 0.001
(0.001) (0.002)
Total Months of War Exposure (200-300 km) 0.001 0.002
(0.001) (0.001)
Observations 16,234 5,600
Notes: Robust standard errors in parentheses, clustered at the enumeration level. * signicant at 10%, ** signicant
at 5%, and *** signicant at 1%. All specications include child age xed eects, region xed eects, region-specic
time trends, DHS round xed eects (for Ethiopia), child gender, and controls for household characteristics. The
child's place of residence is based on the region of residence at the time of the survey. "Total months of war exposure"
measures the number of months a child was alive or in utero during the war period and living within 0-100 km, 100-
200 km, 200-300 km, or more than 300 km respectively from the conict sites. The reference group is children living
more than 300 km from the conict sites. Data source: 2002 Eritrea and 2000 and 2005 Ethiopia Demographic and
Health Surveys.
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